
MMPF
Nuc[eap Ghamistry

NAS-NS-3018(Rev,)

RA

OF MANGANESE

NUCLEAR SCIENCE SERIES

National Academy of Sciences/National Research Council

Published by

U. S. Atomic Energy Commission



COMMITTEE ON NUCLEAR SCIENCE

D. A. Bromley, Chairman Robley D. Evens, Vice Chairman

Yele University Maes.echuaettsInstitute of Technology

C. K. Reed, Executive SacretafY

National Academy of Sciences

Martin J. BerWr

National Bureau of Standards

Victor P. Bond

Brookhaven National LaboratoW

Gregory R. Choppin

Florida Stata University

W. A. Fowier

California Institute of Technology

G. C, Phillips
Rice University

George A. Kolstad

U. S. Atomic Energy Commission

John FvlcElhinney

Naval Research Laboratory

Herman Feshbach

MassachusettsInstitute of Technology

F. S. Goulding

Lawrence Radiation Laboratory

Bernd Kahn

National Center for Radiological Health

Members-at-Large

George Wetherill

University of California

Alexander Zucker

Oak Ridge National Laboratory

Liaison Members

Waker S. Rodney

National Science Foundation

Lewis Slack

American Institute of Physics

Subcommitteeon Radiochemistry

Gre@ry R. Choppin, Chairman John A. Miskel

Florida State University Lawrence Rediation Leboratow

Herbert M. Clark Julian M. Nielsen

RensselaerPolytechnic Institute Pacific Northwest Laborato~

Raymond Davis, Jr. G. D. O’Kelley

Brookhaven National Laboratory Oak Ridge National Laboratory

Bruce Dropasky Andrew F. Stehney

Los Alamos Scientific Laboratow Argonne Netional Laboratory

Rolfe Herber John W. Winchester

Rut@rs University University of Michigan



AEC CatWW

UC4
NAS-NS-3018(Rev.)

Radiochemistry of Manganese

by R. P.Schuman

DepartmentofChemistry

RobetiCollege

BebekP.K.8 Istenbul,Turkey

RevisedEdition

IssuanceDate:July1971

Subcommittee on Radiochemistry
National Academy of Sciences-National Research Council



Price $3.00, which is the minimum order prim for either orm,

two, or thres randomly eelechd publication in the NAS-NS
=iee. Additional individual copieswill be euld in incrmnentsof
threefor S3.fM. Availeblefrom:

NetionelTechnlcelInformation servi~
U. S. Departmentof Commerce
Springfield, Virginie 22151

Prirrtd kr rim Unhd Stems of Armrlm

USAEC Diwkhr’i of Tdmld Infmnmlm Exmh, Dek rl~. T—

1B71



Contents

1. GeneralReviews of the Inorganic,Analytical,
and Radiochemistryof Manganeae .

II. RadioactiveNuclldes of Manganese
IsotopeB
Manganese a; ~ &“mX&*

. . . . . . . .* **... .0. = 1

. . . . . . . . .9 **.*.* 9* 2

. ...**.. ● .=9.**= 90 3

. . . . . . . . . . . . . . . . . . 9

111. ROviewB of the Chemistryof Manganese . . . . . . . . . . . . . . . . 9
Occurrencetina* . . . . . . . . . . . . . . . . . . . ..9
IiduatrialchemMx’y.... . . . . . . . . . . . . . . ...10
Minemla . . . . . . . . .900 . . . . ● ..0900
Chauicalpr;p&;i& . . . . . . . . . . . . . . . . . . . . . . :
Metal . . . . . . . . . . . . . . . . . . . . . . . . . . ....15
Mvabntmanganese.. . . . . . . . . . . . . . . . . . . ..17
Trivalentmanganese . . . . . . . . . . . . . . . . . . . . ..22
Tetmwalent manganese . . . . . . . . . . . . . . . . . . . ..22
Heptavalentmanganese . . . . . . . . . . . . . . . . . . . ..23
Analytical chemist~of manganese . . . . . . . . . . . . . . . 24
Mssolution ofsanplea . . . . . . . . . . . . . . . . . . ..26
Separationbypreclpitation. . . . . . . . . . . . . . . . ..27
Separationbysol~texbraction . . . . . . . . . . . . . . . . 28
Separationbylon exchange . . . . . . . . . . . . . . . . ...30

IV. Hzaards and Precautions. . . . . . . . . . . . . . . . . . . . ...31.
!l?oticity ofmangane se... . . . . . . . . . . . . . . . . ..31
lfaxhum concentrationsof active manganese ● . . . . . . . . ● ● 33

v. CountingTechniques.. . . . . . . . . . . . . . . . . . . . . ...33
Scintillationspect~ . . . . . . . . . . . . . . . . . . ...35
Oe(Li)s’pectra . . . . . . . . . . . . . . . . . . . . . . ..39

VI. SeparationProceduree . . . . . . . . . . . . . . . . . . . . . . ..~
Colorjmetic analysis . . . . . . . . . . . . . . . . . . . ..57

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

v



Radiochemistry of Manganese
hyR. P.Bclwman

Depatient of Ctmmisb-y
Robert ColleW

Be&k P.K. 8 Istanbul,Turkey

revised frcm the origtial.text of G. W. LIIIDIWTTE

I. 13~ REVIEHS OF THE CHEMISTRYOF MANGANESE.

& hOmWdO Chcsnis~

1. J. W. Mellor, A C rehensiveTreatise on Ino anic and Thwretical
Chemilvtw, Vol: -,~(vha.

2. N. V. Sidgwick,The Chemical Elamentaand Theti Compounds,Vol. II,
Word univ. pre~ ~l~u—a-m

3. A. H. Sully,Manganese,Academic Press, New York (1955).

B. Analytical CkKmlh?ltry

1. M. D. Cooper and P. K. Winter in Treatise on Anal
I. ?!.Kolthoffand P. J. Elving edltore PzFt+#%:--
IntereciencePubUshers, New York (1961\,P NS-;02.

2. E. B. Sandell,Colotietric Determinationof Txaces of Metala,
3rd Ed., Inte=cience PubliehereInc., New~o~fi.

3. N. H. Flu’man,editor, Standardlfethodaof Ch-cal A
K&, Vol. I, D. Van Nostrand ~ m3:%.op,Tm~l

4. G. H. Morrison and H. Frei~er, Solvent ExtractionIn An
Clmniatry, *John Wiley and Sone,=ew York (19~, p 1 .

~. W. F. HKUebrand, Q. E. F. Lundell, H. A. Bright and J. I. Hoffhan,
A Had Inor anlc Analyaia, John Wiley and Sons, Inc., New York,

**.

‘“ %$oy=k::z ‘-1-g w ‘-t-

C. Radiochemi13tIy

1.

2.

0. W. Leddicotte,nThe Hadiochemiatryof NanganeaeH, National
Acad~ of sCiOIICOO - National I&march Council Report NAS-NS-3018,
Waehingtin,D. C., (19643).

A. C. Wahl.and N. A. Bonner, Hadioactivit Apulied to Chemlat~,
~.John Wiley and sons, lhc., New

1



II BUCIJME PHOPEFCTIESOF WNUNBSE ISOTOP=

%@ atomic number 25.Nabmal manganese oonelstaof one stable iaotipe,

This isotope is h the region of ma%imumnuclsarstsbiUty; Its binding energy

is 8.76 14eVper nucleon and ite atomic weight is 5h.93805h(1)based oh

12C = 12.~. The nuclear spin of ~h ia 5/2-. Very mall but detectable

5% and 5%, producedby cosmic =y tiduoed Spallationamounts of radloaotive

-tions, are found h metaorltes
(2)

. The relativeabundancesof these

radhactive manganese isotopeshave becm used to dstemdne both the age of

meteorites and the time since they feU ti earth. The determinationof these

i60topea is a ohallengimgradiochemicalproblem(3)0

Manganese isotipes from mea number .50to 58 have be= produced;their

propertiesand methods of productionare ~L zed h Table 11.1(4). The

decay schcsaesof these manganese ieotopes,as given In the Table of Isotopes(4),

are given in Figure 11.1. The most useful isotope for tracer etudiesis the

303 day ‘k fiich d- by electroncaptureand =uits a 100% abundant 835 keV

gamma ray. The major isotope of interest in activationanalysisand flux

monikming is 2.576 hour ~ tiich decaysby beta mission and emits abundant

8117,1811, and 2110 keV ganma rays. The half life and charactefitiicgamma

rays make % an ideal isotopefor activationanalyBis.

solelyby electroncapture (ecittingonly Cr X-rays) and

Ufe, it is extm dl.fficultto count and can be more

by activationh 5k(5).

Because 5k deqys

haa a very long U

accuratelydetemined

Neutron capture cross sectionshave been meaeured aa a functionof neutron

ene~ for %fm(6). The thermal (0.02s eV) cross section of 5h Is 13.3 barna

‘7). A capture cross sectionof 170and tiheresonanceh- is M.2 barns

~&(8) ~s~ tni~ reactir neutrons.barne has been determinedfor Fast

5%n by an n,2n -tion onneutronswiJl produce 303 day 55fn, and the

reaction o-anbe used for 10U sensitivityactivation

neutron flu monitor U the sample is free of iron.

n,p giving 3.5 min. 550r, and n,ct &wing 3.8 min.

2

analyeie or as a fast

Other thresholdreactions,

5%, are possiblewith fast
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TABLE 11.1

ISOTOP= OF NANGANIkSE(L)

NUCLIDE NALF-LIFE TYPE OF DECAY m RAYS HOW MADE NOTES
Mode Energy Energy Abundance

MeV MeV %

lL9fi O.L sec.

5% 0.286 sec.

5’% 2 *.

%n 45.2 &.

5% 5.60 day

%lrl 21.1 min.

f+

I.T.
(2%)

% l.mobyr. !&c.

6.61 max. O.sll”w+ 200%

o.511v”& 19!3%
0.66 25
0.783 1~
1.11 100
1.28 25
1.45 75

2.17 max. O.gll& 194%
1.56

2.03

(3.575~=, o.$~ W* 67%
o.71& 82
0.935 8h
1.4311 100

1.63max. 0.383 2%

5% etable 100% abundant

5$!n 2.576 hr. P- 2.135max.

Cr X-rap

Cr X-rayEI
0.835 100%

0.847 99%
1.811 29
2.Uo 15

Fe X-rayB
O.o111 Conv.
0.122 strung
0.136 strong
0.22
: ●:;;
.

0.36, o.~

0.52, 0.57
0.82, 1.0
1.25, 1*L
1.6, 2.2
2.8

uncertain

50Cr(p,n) prebable

50Cr(p,n) uncertain

50Cr(d,n)
50Cr(p,Y)

certati

52Cr(p,m)
52Cr(d,2n)

certain

52Fedecay Ceuh

53Cr(p,n)
52Cr(d,n)

p~ble

56Fe(d~)
5+Fe(n,p)

aertati

%ln(n,W)
5ke(n,p)

c-h

5LCr(@,p) probable
57Fe(n,p)

58Fe(n’,p) probable

3



FIOURE 11.1

Decay schemes of M.nganes. IS.tqe.(h)

.Zml.n. 0.206 B

5
+

5
2 2$=

25$
P+

3.811

3.35

3.18 ●

1.90 L+ v

0.783 2+

o ()+
5&

Q E.c.
7.6x MeV
Calc.

1.58 (7/2-)

1.36 (5/2-]

0.77 (3/2-)

o 7/2-

(5/2,7/2-)
45 lllln.

5%
25

Q E.C.
3.19 Mev



3.77

3.6Q

3.u-2

2.965

2.766

2.%9

1.L04

o

(2+)

5+

6+

(2+)

4+

&+

rt=2+0“38’

1

6+ o

52cr
24

2 x 106 ~.
7/2-

5
2+

Q E.C.

3/2- 0.5’98MeV

53cr oalc ●

24



o.e353 2+
T Calc .

0

3+
2.5’76hr. .

5
%2n

30%

53%

3.702 w
Q P- ~co

.

Cl69 MeV
Q P- &

— 2+

— 2+

1()+

3.37

2.957

2.658

0.8469

0

56*e
26
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(5/2-)

Q P

5726Fe

5/2-

3/2-

5/2-

3/2-

1/2-

0.7064

0.3668

0.13632

0.o1439

0



5$ln(p,n)55Fe(2.6 YT.),neutrons. Ohargedparticle and photauclam reactiona,

5~(y,n)5% ’303 ~j~’5%(p,pR)5%l (303 L), %(d,p)%n (2.576Irr.), and

are also of possible interest for activationanalyslsand producingtracers .

Manganese can be datenninedwith great aensLtlvityand very e=ily by

thermal neutron activationanalysis(9). With reactQraas the saroe of neut~

the sensitivityof the a-lysis is of the order of 10
-U

grams. The relatively

high CrOSS LIMtian of 5%,

%n captureproductof the

attractive. A large amount

conjunctionwith activation

coupledwith the ideal half ltie and gamma epectrum

oomb5ne ta make activationanalysisparticul=l.y

of the radiochemiaalvork on mmganese has been h

analpis. WitJI the developnat of high resolution

Lithium drifted genuanitungamma spectrcinetems,manganese can be determinedby

activationanalysisvith either no chsnuicalsepa=tion or a etiple group

separation(n). If highly thennaMzed neutrons are used, there is no inter-

ference in the analysis,but if typical reactor or radioactivemurce neutrons

are ueed, iron wSU cauee a serious interferencedue h the 56Fe(n,p)5&

reactionj oobalt can also interferedue to the 59Co(n,a)5% reaction. By

irnwilatlngsamplesboth in h@hly moderated and hard neutron fluxes,the

(u)titerferencesdue to iron and oobalt can be detezmtiedand correctionsmade .

If we neutron Lrmiiation ie arried over a long the, manganeseaativity can

be produced fram ohmmlum by the reaotion eequmce 5kr(n,W)55Cr(~-)5%n(n,Y )%2.

Various portable neutron sourceshave beem u,vedfor manganeseactivation

(u)2~2Cf ~ a *iti4 attractivesource .---3=183 Fast, U+ MeV, neutrons

have also been used(13).

A number of chtical eeparationproceduresused in activationanalysisare

given in sectionVI. Because of the increaseduse of high resolutionGe(Li)

gawsbsspectrometersin activationanalysie, the titerestin manganeseradio-

chmical reparationsis dec-acing. Activation anal.ysigof manganese Ie

axtenslvelyused in archeology(lb), sgrictiti~(15), geology, ~ ofier

fieldw, and is espec~ valuable when the samplesmust not be destnyed.

8



Manganese has been extensivelyused ae a neutron flux monitor. The rtin,

5% (n,y)5%, haa been used as a neutron flux monitor from almost the time of

discoveryof the n~tmn. For short irradiations,small samples of a dilute

&lJoy of lb h U are particularlyuseful flux monitors since they mirdmlze the

radiationdose upon dischargefrom tbe reactor and because of the small amount

of manganese there Is no seLf shieldingof neutrons. Since 2.$1’6haur 5%

decays to stable ~e, and stice neutron capture in ~e and 57Fe both lead to

stable Iron isotopes,manganese can be used aa a tital integralneutron flux

monitir for very long irradiationsin high fluxes; the total titsgnalflux

being detemzbsd by the fractionof manganese convertedto iron as determined

by calorimetricanalysis for iron and mangsmese(n).

A large bath of ~~ solutionIS c~ used to obtain the absolute
4

intensityof a nsutmn beam or source
(18).

The hydrogen h the solution

55hmoderatesthe neutionswhich are then largely capturedby . A very

sensitiveneutron monitir for weak sourcesand beams is a bath of KMnO
b

5$in neutron captureproduct is concentratedby a SzUardsolution. The

Chalmers reaction ~ the Mn02 producedby the deoom~sition of the MnC@ and

so, by filtetig the irradiatedsolution,most of the actitity can be concen-

trated on a small filter and so countedwith high sensitivity(19).

III REVIEW OF THE CHFMISTRYOF MA?KWUSE

1. Introduction

Manganese cmmpoundshave been lnmwn since prehistorictties. From the

beginning,the glass industryhas used mmganese dioxide to remove the green

ttit h glasa due to ferrous si~catss, and in larger mounts as a color p~.

ducer. Manganeaemetal was first producedby J. G. Gdn in 1774 by the rdaction

’20). Manganese today is used ensivelyof manganeae odds by oil and charcoal

h industry,especiallyas an allo~ng and deoxidizingagent for steel.

2. Occurrenceb Nature.—

Manganese is the eleventhmost abundant elment in the earthIs cnmt,

9



being mom abundant

sine. It compriae8

the extent of about

than auoh common elemmrtsaa sulfur,copper, c-on, and

‘21)0 Manganese ia premnt babout O.1% of the Utbosphere

one P* per million in ave~e river water and about one to

(22). me -~ese brou@t Intn the 0CS8X)ten parts per billion In ocean water

is slowly and nearly o~letaly precipitated;the manganese nodules in the oaean

being fomed in th16 manner. Manganese 10 an essential (usua13yat the -e

level) constituentof living tissue, both plant and animal. Its abundance

varies frm a few pati per biJlion to over one per ccmt~ it is usually more

abundant b plant than admal tiaeue. Mangamsae deficiencyis a cause of

dioeaae h @anti. Activationanalysishas been an importanttool in the

determinationof manganese in biologicalmateriala.

Mmganeae la one of the more abundant el-ats In meteoriteswhere It has

a smewhat g~ter abundancethan h the earthIs cmat. Meteoritesalso contain

5% and 5~ fomed by coemlc ray bombardment,seedetectableamounts of

section 11(23). Manganese is quite abundant in the sun and other stars as

shown by spectroscopy
(211)●

Its abundancein the univeme IS estimatedas 68X

atmns per miIldom atcms Si
(25)

. Its relativelylarge abundancela expected

5% Is one of tie nuclldes In the iron region abundapcepeaksince
(26)0

Han&see does not occur as the free elsmaatin nature, but la very uide-

epread in oompoumdaand is an essentialconstituentof about 140 minerals and a

minor amatituent of many more
(27)0

A few of the more importantminerals are

Mated in Yable 111.1. Althoughmanganeseminerals are widespread,high grade

ores are foond h only a few localities,eapeci~ the U.S.S.R. (producing

nearly half of the worldia supply),Union of SouthAftica, Oabon, India,BrmQ

~ ~_(281 . Low grade ores am nldely distributed.

3. IndustrialCh=ist ry of hnganeee(29)—

Activationanalysisand tracer studiesare widely used in industzy,so it

wlIl be useful ta briefly outline tie industrialuses of manganese. About 97%

of the manganese consumptionla for metallurgicalpnposes: plain carbon steel,

high manganese staels, ferrmnanganeee,manganese h plg tin, apiegeleisen,

10



TABLE 111.1 ‘

IMPORTANTm~ ~
(27)

NaaIe Ohmioal Cm’position Color Use

Alabandite

FmMinlte

Manganoelta

Haummanllits

Bmaunite

Pollanlte

Pyrolueite

Man&mite

PyzWclu?oiti

Psilmnelano,Wad

Rhodoohroeite

Rhodonite

Helviti

Speesarklta

Tephroite

Piedmontite

Baosrltite

Inesiti

colurnbi*-
Tantallta

L&thiophilite

Tfiplite

HUbnerite

P@@lanite

MnB

(Fe,&,Mn)Fe20L

Mno

Ma30h

~03.Mnsio3

‘2
Mn02 (+tram 40)

HnooH

Mn(OH)2

ImpureMno2.+o

Hnco3

Mnsio3

3(Hn,Fe)BeSiOh-MnS

Hn+.lJsio4)3
ML#ioL

~~ (U*) ~ql~

!L~8si7027
~ (hS@#60~9”~0

(FeJ@ (%~)206

lit(Mn,Fe)P04

(Fe@)F(Fe~)~~

IWO 4
mmo3

imn+lack

tihlaok

=erald~en

brmm~laok

brown~laok

steels

iron-black

Ironalack

white, darkens

brown-black

xwsemed

-Be

ysllou

dark-d

flesh-red

reddxwwn

greJqellou

rose-red

iron~lack

salmalqlllk

brown

bmwn-blaok

deep red

mngemsee ore

mmganeae ore

marigamse ore

manganese ore

mangsnese ore

manganese ore

minganese ore

manganese ore
omsumtal stone

manganese ore

Taand Nb ore

tungstenore

U



allicoqanea e, manganese in oo~er, aluminum,nickel, and magnednm. The

rfmainlng 3% isIused h dry cells, glaas making, earemlcu,a~culture, and

other oh~oal purpomss
(28)●

The major ores of manganeseam lieted, along uitb smne other manganese

mlnerale, In Table 111.1. The manganeseused In iron and stael manufactureis

usually in the form of a high manganese-inn alloy (i’srraaanganeae)uiti up b

80$ M, or a lover manganese-ironalloy (spiegeleiea) vitb ~ to 20% Mn. The

alloys are produced In blaet furnaces (rednutionby coke). When low @rbon

alloy is needed, a aUhxmanganeee containingabout 70% Mn, 20% Si, 5% Fe, and

lese than 1$ C ie produced h an elactricf’urnace.Fahly pure mangamesemetal,

> 97$, IS p~&ced by xwductionof the oxide uith ailiaon or alumhum, or by

electrolyeiaof an aqueoua solutionof manganese salte. The eleotrolytdo

manganese is the porest commercialproduct ulth up to 99.9$ Mn excludlng

occludedhydrogen. Electrolyticmanganeee ia being increasinglyused for the

productionof high grade alloys.

Manganese ia an eseatial constituentof many cwpper end bronse alloys,in

most ccmsaeroialaluminum tioys, in certainnioksl alloys, and in almost all

steels. Typioal law carbn steel contmlnaabout 0.2% Hn, stai.nleaaateelaup

to 2.5$, and wxne alloys up to 12$. However,for nuolear puposee stealswith

a mlnlmum of manganese content are requiredbecause of the Mgh manganese

neutron capture cross section. The Mjor functionsof manganese in steal are:

to ornbim with the snlfhr to form insolubleMn9 which, unlike F&, doss not

oauae the steel to be brittle, to deoddise the steel, and at time to oomblne

with carbon. Manganese, atice it la much mom reactive than iron, rducea the

FsS, Feo, FeSi03, and Fe3C in the eteel and gives the correspondingmanganesa

ocqmmie.

Manganese oompaundaare Importantin nonmetalMc products. Methyl

oyelopatadianyl manganese tric~onyl ie a gasoll.mSddltlve claimedto be

greatly eup~or to tetraethyllead(30)j the eubatltutionof nearly nontoxl.o

manganese for lewd would greatLy reduae the pollutiondue to an-bile erhens~

12



Hanganeee at aboat the 0.2% level is an aotivatorh electrolumineacamtphoe=

Phorel Mm and Cu in ZnS give a yellow color,Hn b Btio ni31categives a gram

oolor(31). Manganese la sWl hportant h the @Laos tiduetry,it IH important

in Pints and varniehes,sometlmeaas a beneficialadditive (dryingagent),

o~etimea as an objectionableimpmity (32). Manganese dioxide,whioh is a

fairly good conduotarof electricity,la ~ &ortant conetltuentof dry cells

and IB also used aa nonoonauaebleanodea for alectrolyeis. Manganese oxiden

~ used as pigmmta. Manganeee in small amouuta ID bameflcialin fertilisers.

h. CheniualPropertlea g Mangane,e(33,311)

Hanganeae 18 an elment of the firOt (3d) transitionseries. The

electronicconfigurationof the nonual atomic atata 16

3d5 lLS2,the m- ntata befig 6S5/2. The odd number

ehe12 reeulta h an electronicparamgneti=, and many

1s2 2B2 2p6 3s2 3p6

of eleotronsin the 3d

studies of the pa~-

magnetio reaomazmeof manganese have beam tie. The manganeBe raacmance

frequmoy la split intro six lines, aa expected,beoauee of its 5/2 nuclear

-, =d tie ~mity of tie ltiea have be= used for an-is
(35)0

~=eae has many opticaldssion Mms of titareet in its aualysiaby

-ssion spectroscopy, flsme photcaaetry,and atomic absorption. An enerw level

‘X). The ionisationpotential ofdiagram of mang&aae haa been publiehed

manganeee 10 7.41 eV for the first and 15.70 eV for the eecond dectron.

Chai~ manganese is rather similar to Iron and ita ions have about the

saue radii aa tie correepondjngiron ions. Hsmganeae(II)will usually

l.amorphouslyreplace Fe(II) and oftm llg(~). Manganesemetal is coneidemsbl.y

mo- reaotivethan im~ !frival=tmanganaee,althuugh fonuing oompounde

ia~rphoua with those of Fe(III), is a strong oxidiaing agent and is, unlearn

oomplaxedor Ineoluble,unstable disproportionatdnginto Mn(II) and Mn02. In

its moat ddiaed fo=, Mn(VII), mangane~e res-lem chlofie in perchlorates,

and Hn(VI),although dieproportionatingaxoept in otrongl.yalkaline solutima,

reaanhlesohromtes (VI)

IL!uqpnaae~bits

and ferratea(VI).

all the valenoea fraa zem ta seven. Under nomal
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conditionsonly the ●2, +4, and +7 are of hportama. In aoid solution,the

Mm(II) oompoundeare by far the most stable,althoughvery strong oxbiizing

agemte such 8s KBr03 and K0103 will tidlze Mm+ to Hn02, amd other strong

~~5@ a@nts Ilke KIOh and Ag++ milJ oxidize it to MnO”. In basic aolutims4
Mo(II) is muab more eaeily oxidised,and evm euoh w- oxldisingagemta as

Fe(ON)~- and ~02 uill oxidi~eMm(II) b Mn02. In baeio solutione,?Im(OH)2is

oxidisedby air flret to MnooH and ultimatelyto hydratedHn02. The otandard

redax ~tentials for manganese,both in aoid and baeic solutiom,are given @

Table 111.2, and shown in Figure 111.1.

TAHLE 111.2

STANMED ~OTION POTHNTIAISOF MLNQANESB 001JPLES(*’37)

Half-oaldReaction =dation Statea E“ volts

In acid solution}~ unit activity——

Mn++ + 28- - Mn-
*3+ + e- - ~z+

Mm(ON)~- + e- + Mn(ON)&-

Mn02 + 4H* + 28- + Mm++ +

m~ +8H++5e--Mn++

&02+ @+e--h3++

MnO[+4H++2e--Mn02+

HnophH++3e-4?M2+

2 -o

3-2

3-2

2~o L-2

qo 7-2

250 4-3

240 6-4 “

240 7-4

-1.20

1s

-0.24

1,239

1.9

1.0

2.26

1.69

~~+e-.~~
In lxmic eolution~~~ tit aotivlm——

Mm(OH)2 + 2e- + ~“ + 20H-

Mm(OH)3 + a- - Hn(OH)2 + OH-

Mmo2 + ~0 + 28- - Hm(OH)2 +

MnO~ + 40 + 5e- - Mn(OH)2 +

FbOz ??
+20+e- + Hn(oE)q +

7-6 0.558

2 -o -1.58

3-2 --092

2oH- 11-2 - Q@

6QH- 7-2 O.ti

oH- h-3 “ O.1

MnO~- + 2~0 + e- - Mn02 ~ hOH- 5-h 0.9

Hnoc + 2~0 + 2e- - ti02 + 40H- 6-4 0.603

mo~ +2~O+3e--Um02+l@H- 7-4 0.58

~~ + e- . w~- 6-5 0.3

~~+e--m~ 7-6 0.558

Ill



FIGURE 111.1

POTENTXALDIAGRAM FOR MANGANESE(37)

Acid Solution, H+ unit activity

1.239 1.69

1
-1,20 ~++ 1.$

Mn” — — ~n3+ 1.0 ~ofi = 0.5’58 ~hOr
=lkloi —

Basic Solution= oH- unit activity

43.03 0.5’88

I
M& ~ Mn(OH)2 = MR(OH)3 Q ho ~ ~no3- 0.3 ~o” 0.558 ~o-

2 k
1
kh

0,603

0.34

ManganeseMetal

Manganesemetal.,as normallyformed, is a hard brittle metal.that can be

powdered in a mortar. It has four allotropes,alpha and beta which are hard

and brittle, gamma which is soft and ductile,and delta. The propertiesof

manganeseare summarizedin Table 111.3. Gamma manganese canbe producedat

room temperatureby electrodeposition,and can be rolled into foils before it

(38)slowly convertsinto the stable alpha form . Manganese forms many alloys;

alloys of Al$ Mn, Sb, and Cu, Heusler alloys, are ferromagnetic. AI.Ioyaof

manganesewith uranium and plutoniumform very low melting eutecticsand have

beem studied for fast reactor applications(39s4°). Mmg~ese forms many titer-

metialliccompounds. Chemicallymanganese is a highly reactivemetal, reacting

slowly with oxygen free cold water and more rapidlywith oxygen free warm water

to give Ym(OH)2 and hydrogen. It is very rapidly soluble in acids, even very

weak ones, giving the correspondingmanganous salt. The metal burns in air and

oxygen and in the halogens;above 1200°Cj it burns in nitrogen forming the

15



‘MBLB 111.3

PrmPImrImo?MAmu?=E *&(34)

Kuotmpe Cryetl.1 structure. Denei
Y

spOC~C Haat
~lm oal./g ‘c

Body OQtir8dCUhiO 70hk (20”C) O.llb

Bats Body centeredcubic 7.29 (20”C) 0.19J

F&o Oenteredtetragonal 7.18 (20*C) O.lul

Delta 0.191

Liquid 6.54

TmuleItlon Temperattue Heat of Transition
“c cal./ g-ata

Al@la - Beta 727 535

Beta -- I.loo 545

- - Delta lL3a 5X

Delta -LLquld 121s (meltingpoiht) 35al

Liquid -tlaa 2097 (760m bo~ 53620
poimt)

@-- 25 67200

nitride Mnf2. Hangane13e fome a caxbide, Mn3C, which is iemorphoue with Fe3C

ad lb imp~ in steel.

ZerovalemtHanganeee

Wnganeae foma a few covalentu~otmde in whioh it is consideredae

exhibitingthe valence of sero, the best charactetied being the umbonyl,

~(cO)lo, tie dioyoloPmWI=Yl ~eae OCSUPl=, (C5~)#, =d tie

CYC1OPQUV1 ~yl, C##n(CO)3. These mnsponndeare too &Lfficultto

PIUP~ ~ be of ~~est h radlochtic~ s~ationa, but they are of I.nat

in ieotope exchangestudiee and in S%~ard Chalmers reaction stndiee(41).

univalentMangaBeae

A fau oyanide cmplexee of Mn(I) have been preparedby electrolytic

rednctloaor the aotion of very strong mduoing agante on manganocyanidee

@* ‘#@06S ~(@6, ‘.
(u). Theoe u~ounde ~ arbremely
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strcmg -ducing agemta and llberati~ fmm aqueous solutionsand reduce Pb++

and Cd- to mu. A~trosYlc~d,K~(~)5M010 *O known.

DlvalentUanganeae

Mvalant mangsme6ehas a half-filled3d electron shell and so is Xau-

larly Wable. It is both much more difficultto oxldlze and reduce than Fe++,

although in q other ways it aloady ree~les Fe++. The ionic radius of the

Mmti ion is 0.60 ~, a little larger than Fe++, and as expectedMm++ nomsJJy

foma somewhatlees @able camplexesthem Fe++. In acid solutionalmost any

operationother than treatmentwith very e- oxidi51ngagents win yield

Hn(II). Manganese (II) salts are, in g=eral, stable and usually have a pale

pink color which has givem the nama to the minemd.e rhodochmsite, MnC03, d

rhodonite,MnSi03. The hydraxide,Mn(OH)2, in oxldimad Im air to the Hn(111)

~de @ ti~tsIY to hyd.ratidti(n) addeJ Mn(OH)2, however, is much

more stable than Fe(OH)2, and is found in nature as the mineral pymchroite.

Manganous ealta sha a very slight tendemcy b hydrol.yse;however im ~, the

hydrolysisof add fme mangsnous salts aonthuee becaxse the Mn(OH)2 pro&ued

Is oxidlzsdto ~e~ insolubleMnooH and MnO .* XH##. The oxide,MnO, is

producedby the ignition of higher oxides in hydrogen ad ie stablsbut aaslly

orldlsed In alr to h O . Some Mn(II) salts of interestare Ilsted In Table
31!

III.4. Of speoial Interest to the radlochmlst are;
q~4”40 which ~,

precipitatedfrom a NHLOH plus ?lHLClsolutionof Mn++ by (~4)2~4s ~ ~~

Is pzwcipi~ted frcenan alkelime solution af Mm-, W= in the pressnae of

tartrate ion, by (NHb)2S. The salubilltypmduats of a number of slightly

solublemanganaus wxnpoundaare given In Table III.4. The anhydmus suli’ate,

llnsOh,ie prodmoadby ignitdngalmost any manganese ocmpoundwith H#O&J It ie

a suitableweighing farm for manganese. The thermodynamicpropertiesof some

~~e a~a am giv~ h Table IIIS
(37).

Divalentmanganese has a weak tadency to fo~ complexes. Cyanide cam-

4- (42)@axes of the type Mn(CM)~ are well k but are far less stshle than

ferrocyanideand are very easily oxidized,even in -, to Mn(CM)~-. Very ueak

17



TABLE 111.h

CU@CUNMoFNANQMWl

SOLUBLH sum

OompOund Mol. HoH Made Color --
weight s %z?~ mols so

Hn(c15m)2
MnBr2

l’f?lc~

NII(C10Q2

‘2

~2

M92

MOk

K4w@m6

173.CQ

2U.76

1%.ah

253.811

92.93

308.77

170.94

15LO0

367.43

~(~3~)3 232.07

K#nc15 161.3(I

‘3
IJ-1.93

Kp(cN)6 328.33

K~(c20Q3 W.30

=(SOJ2 379.98

5#’m6
345.86

-6
247.12

197.12

‘hmll
136.97

omnoh)2 277.94

HMno
4

U9.94

Kl&loh 158.03

A#lnoh 226.81

Nd!noh lhl.93

Nangane6e II Compomds

Hn(N03)2+(CH300)20 pink(h) 40(20”C)

Hn oxide + HBr rose-red(4)l14(18”C)

Mn oxide + HC1 rose(~) 74(20”c)

kh(OH)2 + HCIOb 136(25*c)

~o+~ pink(o) 1.06(25”)

~+~ rose-red(b) mol.

Mnoxide+mo pink(6) 131+(18”C)

lb Contp.+ H#k xme(5) 68(25”C)

N,nco3+ ~ blue-tiqlet eel.

4

6,1@

6,4,2

6,4

L

9,6,h,2,1

6,1A,2,1

7,!5,4s2,1

3

Manganese III Compounds

Mn(CH3COO)2+Nno~ brown(2) BO1. acid 2

qo3 + Hol + Kel red-tiolet sol. deo~.

Nn~ + F2 rad(2) EO1. ac%d 2

KLMn(CN)6+ ah dark red BO1. acid

4c20~ ;K*o~ “+~; *(3) T. 801. 3

nanganeee Ivoaq+mllde

MI% + con. HCl dark red sol. deoomp.

M102+HF gold~llow 801. acid

ManganeseVI Compound

~02 + ~H + MO
3

dark green 801. XOH

hnganeee VII Capnnds

purple 7.9(15”c)

purple(9) 250(25”c) 9

evap. frmen sol‘n. dark purple sol. 2

~Ob + C% + H+ dark purple 6.3&(20”c)

dark violet 0.92(20”C)

purpla(3) V. BO1. 3

$ Color of @&ate titb ( ) moles of ~0

18



IMSWJBU SALTS

Cmpound How Made Color Solubxl.lty
St prvdnct

u4.91!

41t7.93

88.95

4.04.77

178.98

70.93

480086

185.97

283.82

1%.99

201.92

67.00

87.94

228.79

157.86

167.93

86.93

256.29

251.84

Haaganese II Cmpoundfi

neutralHn+++ CO-
3

Hn+ + Fe(CN)#-

MnM + OH-

kln+++ 10;

un*
+ c20i

h30b + 4 heated

neutral lfn* + HPO=
b

Ml+ +.~ OH + ~-
11

~tg JHLP04.HJ)

Bblo+ S102 heed

~o + S~2 fised

nil- + (~4)*S

Uanganeae ~1 Cmpounda

Mn(OH)2 + 02

ignite tides at 1000°C

Imte oxides at 700”C

Mn(CH3COO)3+ H3K14

-9s9 IV Ccmp0und15

Mn++ + B~- or CIO-

decomp.Mn~N03)2 2i0°C

ManganeeeVI Compound

MIc Ha- + MnO;

~ VII Cbpownd

cfJ+ + Ihc);

pink 8.8f10-U(2~0C)

glwal-uhite 709xlo-13(25”’)

Ubita, 1.&lo-13 (22”c)
turns brown

h.8f10-7(2~=C)

pink -10-13

green

pink -1042

pink

pink

red

pink

flesh 2=0 ‘13(25=c)

brown 10-42

red

blaok

w?-=

brown~l.ack very heoluble

blaok

mw~ l.*o-10

wmle 1.5xlo-5

I-9



vmLTILE CQmxrNm

compound Mol. Ron made Color Melting BQ~
weight point “c point “c

%07
221.86 ~b + Oon.H#4 * -33° 70” axplodee

W5+02)3 352.25 acetylacetone+ 2r==- 172“ volatile
Mn(CH#OO) . black

> 2
q(co)m 389.96 gold 154”

%&fn(m3 2olI.05 yeuo’m 77” volatile

(C5H5)#II 185.11 aaer 172” 2h5”

TABLE 111.5

!EEMODXNAHIC M!l!!AFUR ~ ~(3’J
298°K

Ccuupound AH AS
kcal/inol. Al. oal/mol.,“c

Mn(o,a)

Mu(g)

klq~o)

Mno(o)

Mlo2ic)

MI(@2(0)

MnF2(o)

ti~(o]

HnBr2(o)

h% (o)

MnS(c)

WOk(c)

Mum3(o)

KMnC@)

q(co)lo(o)

o

67.2

-53.2

-92.0

-33.3

428.7

-12k4

-167

-190

-u5.6

-92.6

4.2

49s

-254.9

-ml

<00.6

400.9

0

57.1

45.1

-86.7

-306.2

410.1

-lu.3

-lul

-179

405.9

-89

45

-50.5

429.1

.. d%

-176.8

7.6h

41.h9

-17

lh.3

36.8

26.4

12.68

23

22.25

28.26

33

37

18.7

26.8

20.5

4L0
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chlorideamplexee are lamwm,HnCl~, kCl~, and MnCl~-, the latter be- stable

enough to be weald.y abaorbed on anion resins M very stmmg HC1. Mn(II) fores

a number of ohelate ccmplexes,see Table 111.6, for ~le, the Mn(lZ) chelata

with Sthylenedlasdn~cetic acid which ie of impowe Im analytical

ohemistry. Mval~t manganese forms oomplwxeswlti amtylacetmne and oxaUe

acid. Manganese (II) fomne double tiates, nitrates,and halides with a

number of metalsI

oaplexes at all.

complexesam not

these cmnpoundeare very weak cmplelseaif they are true

Mn(II) can fom amine casplexes,e.g. Hn(NH3)~, but the

stable in aqueous solution.

TABLE 111.6

STASH m-s OF HAN~ cm-( ~’ 37)

Heaction Loqo ~i’um

nn’++
MU*++
Mm-+
lb+++
h- +
Mn* +
k++ +
Hn+++
~3* +

~3+ ●

MU3* +

LO(1) - ~H+ + H+

so; * Mnsob

c201 ~ ~c204
malonate “ Mloccspo)
2 aae@Moetone - h (CH3COCHCOCH3)2
-4- 4 MnWTA=

1$0(1) - MWH++ + H+

F- ~ H&-

cl- + Hncl++

~3+ + C*O; 4 ~c#;

MP’ + 2C20[ - Mn(c20Q;

M#+ + 3c20k= + Hn(c20J j-

-10.59

0.79

0.59

2.26

3.89

3.29

9.96

13.11

-0.056

2.)!8

o.%

9.90

16.6

19*112
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TrlvalemtManganese

Simple,unaomplexed

however, Hn(III) fome a

*3+ in solution d.lspropotiionatee inta MII++ and Mn02 3

number of complexesend insolublecompoundsthat are

stable. Scm ~ounds of Hn(III) are llstr$din Table 111.4. The onlde,

~03, and tie “OuS-iCm arlcb, ~ o
34’

are stable, tie latter ccmpoundbeing the

usual, but s-hat uncartain,weighing foxm for manganese. ?3n(III)fome a

3- ‘w), which is much more difficulttomoderately stable mamgani~ide, Mn(0N)6

mduoe tham Fe(ON)~ and also shows a tendency te hydrolyzein water. A phos-

Phate C=PleXJ M(~p207)~-, is @ort=lt b _iCal ohemistry. Mn(I~)

fonas flume, ohlam, and stiato (alum) complexes. It forma a mumber of

organic complexes,see Table III.6. Mm(III) c@plemee are normallyred to

violet, and SV= the cmplexes temd h hydrolyseand dispropmtionate end a-

usually strong tidiatig agemts. Tha ion, Mn3+, Is consideredtQ have the

greatest tenhcy to hydrolyseof any trivalentcation(37).

Te~valemt Mangamese

The omly readily obtainablecompoundof Mm(IV) Is the extremelyinsoluble

diod~e which is Insolublein almoet any aqueousmedium which does not reduoe

It. The hydrated dioxide is the fom in which manganese is precipitatedin

man? r~ooh~~~ s~atiom * the additiom of a strong oxidizingagent such

++
as KBrO or KCIO to a nitric acid solutionof Mm . The diorlde is also

3 3

precipitatedas a scavengerduring the processingof IrlWdlatedUramium fhel

by the addition of first Mm++, then MnO~. Amhydrousb02, fomed by the tbe~

dec~sition of 33n(3303)2is stable to above ~cO°C; hydratedHn02, however,may

start to decomposeat a t~emture as 10U as 200 - ~“C. Mn02 dlmolvea in

etrong HCI.to give a dark colo~d Mm(IV)clloroocsaplaxwhich gradualJydeocm.

poses ti Mm++ amd ~. Mn(IV) fores aae fluoro amd chloro oomphxes eucihas

~~ - ~~~, d also some iate aomplexesof the anion Hn(103)~.

-ted ~2 reacti tith strong ~es to fo~ heoluble manganitis such as

*05.
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PentivalentMauqaneae

Manganese fome a few compoundsin which it eddbita a valence of five.

The recently eyntheaizedMnOC13(J3) and KHnO are sxacplea.
3

Hexavalent1!anganeae

Manganatea,e.g. K#nOb, can be preparedby fuatig Mn02 with KOH and KNO .
3

‘hey are stable b stronglyalkalineaolutiona,but diapmpotiionate b lb02

amd l!nO- in weakly alWine, neutral, or acidic aolutiona.
4

The HnO~ ion la

green. A manganyl ohlmlde~ ~02~2J haa been re.mtly prepmed(&3).

Heptaval.entHanganeee

Seven la the group valence of manganese. Mn(VII) foma the strongly

oxldbhg but stableMnO~ ion whioh la of great importancein radiochmiatzy

and analyticalchesniatry.KMmOh is ueually preparedby fuatigMn02 with KOH

in air or with KOH and I(NOj, then treatingthe resultingmanganate with k%

plue at tties oxidationwith C%. Pennanganateaare deep purple and strong

oddizing agante. The acid, FIMnOk,la a strong aoid Hke HCIOL and haa recenfly

been prepared aa a solid crye~ine compoundby the vacuum evaporationof a

frozen solution(U). The oxide, ~07, hae been isolatedand can be diatiJled,

ueualJy nith considerabledecomposition. The dia=lation of ~07 1.sthe

baeia of a radiochmical separationfor manganeae.

Permangenylohloride,Hn03Cl, hae been syntheaiEed
(h3). Pexmanganatee

cea be produoed fmm Mn++ h acid solutionby ddation with periodate,

pereulfateplum Ag+ catalyat,Ag++, Pb02, and sodium biamuthate. Pemuanganate

can be extraotedwith alkalinepyridhe and M- (C#5 )bAECl~ CHC13.

Data on aae common permanganateeare includedin Table 111.4. Pemanganatea

are iacmorphas with perchloratea, perrhenatee,and Pertechnetatea. Permangan-

ate aolutima are relativelystable, especiallyif free of Hn02, W are ueed

exbenaivelyaa a~d mddising solutionsin analythal chemietry.

When heated, K?lnOLla fiat decomposedat about 200”C to K#nCh ~ ~02,

then at higher temperatu.reato ~03 and Mn30h.
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5. AnalyticalChmlstxy of mngane.9J3~)

Manganese la a mahber of the tidxd group In the standard@tative

-is aCh8Qe and b characterizedby a eulfide,W, insolublein basic

solutions,and a hydrodde~ h (oH)2S tich~ wme ~so~ble ~ ~40H a~ne~ is

~ salts and tich is slouly oxidizedin air bsoluble in NH OH plus excess NH+
h

an insolublehydrated oxLde of Mm(III) or Mm(IV). The final tet3tfor manganese

is usually its oxLdationta purple peman#nati.

Mssion spectroscopyis an excellentmethod for detectingand making

’45) ~ X-ray fluorescencecan alsosmiquantitatlve detezudnationaof manganese

be used. Permamganateion has a strong infraredabsorptionband in the elemm

micron region and hfrared has been used for tie identificationof the ion.

Hany ext~ seneiti- spot teata are known for deteotm microgram or smaller

quantitiesOf manganese(46). The moat commn test 18 based upon the o.rldation

to MnO~ by v-ens oxidisingagents. h ext-ely mmaitlve, althoughnot very

apeclflctest, is based upon the ddatlon of bensidine to a blue color by the

Mn02 produoedby air oxidationof alka~e Mn(OH)2. Another sensitivetest

(0.001pg k h one drop) ie based upon the ddation of ‘tetmbase”

(tetranethylP41smimodiphenylmethane)h a blue cddation productby periodate

with manganese servhg as a oatalyst. A third sensitive (O.O5 nq@dter) and

fairly epeciflctest has beem developedIn which mangsnesepoducee an intemse

red-violetoolor with an alkaline solutionof fomaldodum.

Manganese can be detemined quantitativelyby a number of methods. The

most convenientmethod is a photometricmethod baeed upon the cddation of

=Jw~eae to ~0~ W* ~04 or S- other atihg %pt. If a narrowband

spsctrophotmeter is used to meaeum the absarhance,a preoisionof 0.5!f

standard deviationover a tide range of manganeseoonum~tion oan be obtatied

and as Uttl.a as 2 pg Mm in SO ml..oan be detected(47)e The method 10 virtually

free of interferences. Because the method Is ommonly umd to determjne

manganese gields M radiooh~cal sepazatlons,it is Includedwith t&e madio-

chtical sepmtion prooedureeIn sectionVI. A number of other photometric
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methods kve been developedbaaed upon either the oolor of Mn(I~ ) ccmplexesor

on the colorsproduced in organic -gads due b @dation by manganese ca-

_. AOfi~ttin analYsiEIis also uidely used to dcitemnimmanganese,and

several e~ticm schemesare included in msotionVI.

Semmil. tl~ c metioda,based upon ~dattin-reduction, are nldely

used for manganese. A uidely used method 1s baeed upon the titrationof Mm(II)

with standardpmmanganate in a neutral pymphoephate solution(M). me

reactlm IS:

@l++ ● Mrq

Since the Mm(III)

t 8H~ + 4( E$P207)2- + ~(Hn(~P207)3)*

wnnplsx is lntenaeQ oolored,the endpoint

+ ~o

is detetied

potentimetrlcaUy. The method 16 virtmally &se of interfermce. Manganese

(II) can also be titratedwith MnO~ Im a nearly neutral solution (Volhard

method) accomilngto the reaction:

=++ + =~ + l@H- 4 %n02 + 2~0

The endpotitie determinedby observimgthe appearemceof purple MnO~. The

reaction ie not quite stoichicmatrlcand the and point is difficultta obseme

vlcmildybecause of the precipitateof Mn02. The elaeeioaltit-etrlc method

ie based upon the -dation of Mm- to M@~ with sodium biemuthate,

rauo- of the exoesa bi=uthate by filtrationand rednction of the

wltb atan~ ferrousammonium sulfate(49). The reactionaare:

2Mn* + nd3i03 + lldi+ + 2Mno~ + 5213+ + 750 + 5Na+

Hno; + ~Fe++ + 8H+ + m++ + 5Fe3+ + 40

then

pexmanganate

Moat ocmml.y an exceaa of standardFe++ ia added and t&e e.xceaatitnatednlth

atandemipemanganate, fernms o-phemanthroljmeor the appesmmo e of the pwple

of HxK1-belmg the indicator.4 A large number of materlala Includingcerlum,

cobalt, ~nm, nitnwue acid, fluoride,and chloride interfare. Aa an

alternatepmoedure, the permanganatecan be ~tud with standardarsenite.

Amther titzzlmdA c method is baaed upon the oddation of the Mn++ in boillmg

q~~ - H~b aolu~~ -~ (W~)@208 -4+ cataly=t,thm titraticmof the

MnO~ with Stamdardaraenita. The reactlonaares
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2Mn+++ 5~o; + 8~o + 2Mno~ + 10s0; +

mno; +5ASq+6H+.2wn* +SAso; +

The and point aan be determinedby the dleappearance

16H+

3$0

of the purpleMnO- color
k

or potentimuetrimild.y.Fewer elmente interferethan with the Fe+ titration.

Mangsneee aau be dstemdned by titrationwith ethylaedlamlnetatm%aaeticacid

using Erlo~ Blaok T as the Indicator. Completinguith aysnidswill prevamt

titerferenoeby Hg, Cd, Co, h, Ou, Ni, ad Fe.

Mangane8e is de~ed quantitativelyby emiaaion spectroscopy,flame

(51). It ~ be determinedphotietv, atomic absorption,and X-ray flaoreeoenoe

polarographically. A number of g~etrlc msthode have becm developedbut are

eeldcenwed because other methde am much fasterand less eubjact to inter-

ference. The gmvlmetric methods make use of the prealpltationof manganerneas

MnNHbPOb”~O, M@ 8nd MI102ad ignition to ~p207, -b, or w3~; m of

these precipitatiaamethods have been usIedin radioohmical separations.

6. Dissolution~ lkngane~e Smnplea(34)

InorganicMaterlala

The dissolutionof msmgsneaeminerals and ona aam oft.anbe accmpllehed

by acid attaak followedby

The dissolutionof Nn02 10

agent such ae ~02 or S02.

other e16Qmts are pressnt

lCISObor Ny003 fusionof the insolubleresidme.

greatly faci~tated by the addition of a reducbg

The dissolutionmethod 10 often diotatedby what

h the sample and what elmmta in addlticmto

manganese are being detemime&

Manganesemetal is very redlly soluble in dilute aoide. Most steals and

Oast tions Oan b diaeolw3din HNo
3’ H% ~~b, or w =Kb. ‘fuwtw-i stee~

w =- H~4. Some high temperaturealloys aontatiingm@or amoumts of

Ni, Co, Cr, W, end Nb am very difficultto dissolveand may require fusicmvI*

N~02 or anodio electrol.ytlcat-k. An imterestlmgdlasolutisnteahniquefor

analyzingticlusioneIn eteel is the solutionof the metal h oold Fe~ Solutlon

WI* leaves the odds incl.ueiona,FsOS ~s Si02J ~03s etc. unattached.
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organicMaterieJa

Biological aamplee are uaua14 either wet or dry ashed before analysingfor

manganem. I@ition of dried plant material, grain, feeds, fruit, etc., at

about 525°C in a porcelah or platinum cruuible and digestionof fertilizers

vith ~SOh and HN03 is recomsnded by the Associationof OfficialAgricultural

ChmiISta’52). Wet oxidationie beccsningmom popular fir destro@mg organio

matter. Biologicalmaterials,grasses, feces, body tissues, etc., are bofled

with HN03 in a Kjeldahl flask Wan finally fumad tith HN03 plus H~OJ; dye

Intermediatesand robber chemlcalaare treated with ~SOJ, HN03, and 402.

Petroleum=d petroleum distillatesare wet ashed preparatoryto analysis for

manganese amd other trace metalsJ HN03 + H#b digestionis used for analyshg

piint driers for manganese. Manganese organomeiwalliccmnpounde,e.g. gasoline

additives,are decomposedby ul~olet miiatia, bramime odiation, and

sometlmeaby uater alone.

7. 6eparationof Manganese(34)

PrecipitationHethods

The most gcmerallyused and quite specificmethod for separatingmanganese

is its precipitationas hyckatedMn02 fmm a boiling HN03 eolutionof Mm++ by

- b-teJ *ra*, - P=sulfate =iti~ing wait. ‘he Mn02 so formed

aamies 91, W, ?a, Nb, and Pa ne.smu quantitativelyand often is also contamin-

ated with &, Fe, 6b, and other elments uhioh hydro~e rosily. The MI102

precipitation1s usually not quite quantitative. ~ipitation of Mn02 maY be

made fmm nearly nautrsl solutionsby oxidationwith Br2. Uangmnese, even at

tmme level, om be eleotrodapositedon the anode as Mn02(53)●

Imn (III),alumhum, 6Inonium, and o-r elQQts vith very insoluble

~dea oan be precipitateduIM NHhOH h the presence of excess armonim

Salts, leav-lngMm(II) h solution. Sane manganese is usually preclpititad

shoe the Hn(II) is alr oxidizedto very insolubleMm(OH) J houever, the W
3

oxidationcan be preventedby the addition of ~lamine hydrochloridetm

the solution. After filtaringor oentrlfugimgout tie insolublehydra?ddes,
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mamganeae oan be pn3cipltatedfrcm the came Bolutionby the addition of an

oxidizing-t, e.g. ~02.

The praoipitationof manganese as MnS from a allghw baeic solutionof

Mm++ + NH~ wltb H# or (NHh)2SuiJl separatenmnganeee fran alkaltieearbhs.

The aoid tiaolubleeul.fides,includimgZnS, can be first precipitatedilhm a

veak acetio aoid solution. The precipitationof Mm02 with NaOH plus ~02 will

EIeparatemanganeae - Al, Or, Ho, V, and other amphotericalementawhich form

alkakL soluble aalta. Mauy elcmmnts,Fe, Ni, Cu, &, Cr, etc., can be sepammted

from Mm by quantitativedepoeitianin a mercury oathode;under properly con-

trolled oonditlonm,Mm oam aleo be quantitativelydeposited.

tier p-ipitation separationsare sometlmeausad: Fe(III),Ti, Zr, and

V aan be predpitated with cupferronleavingMm in solution,MnNHLPObD~O can

be precipitatedfrcwncitrata solutionslea- Co in eolution,COS and Ni9 can

be precipitatedin the prasemce of ~dine leavingMm In solution,Fe(III) oam

be precipitatedaa a baeic fonnateusing urea vith Mm mnalning in solution.

Ccauplexlmgwith ~A and other ohelateepmv=ta the precipitationof Mm during

W hyqrolytiop~ipitation of Nb and Ta. Fe(III) oan be precipitatedwith

pyridine leavimgMm in solution.

Hanganeae(VII)can be sepamatedby precipitationae tetmphemylareoninm

Pezm@mganate. Pezwhlorate,perrhemate,eto., can be precipitantad before the

manganese in oxidizedto MnO~o

VolatillsatlonHethode

Manganeee, aa ~07,

+%).

solvent Extraction——

can be slowly distUled from 10 M ~SOb containing

Solvcmt extractlcmhaa been extensivelystadid aa a method for sqaratlng

~~~e. ti~ese -S not fo= very w =ctr=~le complexaa,and often

other elements are ertractedaway fzwm the manganese,e.g. Fe(III) from HC1 with

ether.

adjust

Slnoe manganeee data in several vahmoes, It is oft+u possibleto

tie valmce eo manganesewill or mill not extract. Several solvent
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extractionaeparationefor manganeae are givm below:

a=3?zd56)
Add pyridine to a solution cent.ddng MnO~, shake, ati 4 N NaoFI,shake a

few seconds end uentri~e. MnO~ axtmcte. 8peed is essentialeince pyridine

slowly reducesMnO~ b none=t-ctable MnO~. HeO~ and ToO~ also extr=t.

b. 8-Quinoliml (8-hydmxyquinoline)
(56)

Take SO ml of eolutlonwith up to 0.2 mg

adjust to pH 7.5 - 12.5. 8hake 1 min vith 10

Mn(II) complex extracts3 Fe and Cu titerfere.

c. TetraphenylareoniumChlorlde‘56557)

Mn

ml

and 10 ml ld NaK tartrate,

1$ 8~inolinol h CHC13.

Add 1% (c6~) 4Ascl solutionto make solutionabcut 5 x 10+. htract 5 &.

with an equal volume of CHC133Flnextiactsquantitativelyas (C6H5)L&MnOK

- CIO~ also ~mct, tit can be rmoved by extractionbefore the
‘i’ ‘@4’

manganese is oddised.

d. Diethyldithiocarbamate(~’)

Use 175 ml of solutionwith some oltflc acid, adjust the pH to about 5.3,

add 0.4 g Na dietbyldithiooarbemate(DIECA),adjust pH again to 5.4, and erbract

with 2’5ml CHC13 readjuatJagthe pH by adding HC1.

e. Themoyltfifluomacetone(59)

Hanganeee(II)T1’Aoomplex aan be extracted fmm fairly high pH solutions.

Buffer the eoluti~ ulth NH C H O plus NaOH to give a pH of 8.o - 8.5. Add ●
4232

little ~ladne hydrochlorideb prevent ah oxidationof Mn(II). Add a

littie TTA (0.1M in alcohol) and extrectwith sI@l acetate for 2 to 3 minutes.

Many other molvemt extractioneystxmahave b- used for extmotlng

manganese ami separatingunwanted el~te from manganese. The s~tion of

Fe amd Mm by thiooyanateextractionwith tdbutylphoephate has bem studied(60);

l-@~l-3*twlA~l-w=tine-5 has beem ueed b oaplex ~ (depemdhg

upon pH) se that it U extract into methylisobutylketcme(61). octyl4-

analinobenzylphoephomatein Mgroln has been used to exbractMn ~ ~~b
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mihltim@). The lomg chain amhe, sihunine336, has bem used to extract

manganeaa frau aolutlonahigbQ oalted with LIC1, eta.
(63).

Cupfermn has b-

’64). Dlthizonehas been used to quantitativelyueed to exbractmanganese

extract traoe Nn from o-water (65)0 Mang~ese has be= etiractedfmm a pH 2.7

eolutionby di-(2-etbylhexyl)phosphoriccold in hexane
(66).

Ion B?mhange—

Divalentmanganese h strong HC1 ie weakly absorbed on strong base an$on

exchange resin, and manganese can thus be separatedfimm those ions that am

not abHorbed at ti (C#, A13+, Tl+, Ni++, and tfivalmt rare earths) and those

ions that are stronglyabsorbed (Fe3+,UO~+, WO~, Co++, T13+, and noble

metals)@7) . AnIon eKohangeaeparationahave be= worked out in other media,

-O acid(68) (69), aoe~e plus HC1 in water , ethanolplus HCl h watar(70).

Because Mn++ ie nozmaKly so wealdy ehsorbed,the separationsare not very useful

for conoemtratjngmangane~e. A usakly basio anion rsain has been ueed to

cacamtrate Mmw in natural waters prior to analyeia(n).

Mvalent manganese ie qulta etronglyadsorbed on oation exchangerednrn.

Cation resine (eulfonlcacid type) have been used ta concentratemanganese

’72). In ganeral,cation resinsfrm dilute NH4CI.plus (NHL)2HPOLsolutione

have not been widely used to eeparateand concentrate~anese.

A ch~tlng resin, Chelex 100, has been used to concentmte manganeseand

many other trace elcmmts from seawater(73).

Other Chrauamphic Separations

A number of ,otherohromatographicseparationmethods have been Wed for

manganese. Paper chrmnatigmphy
(7&) has bean used h separatamen~e~e and

other elememtsfor both radioohemical apd analyticalpurpo~es. The manganese

is detectedby tie formationof tisolubleHn3(POb)2 (oontajnhg ‘P) in thd

Paper(’S). Metal TTA oomplaxeshave been used with solvmte cmtalning CH OH
3’

C6H6, and glaolal CH3COOH(76)to separateMn frm Fe, Co, Ni, ami CUJ 80%

methyl-n~ropyl ketone, 10$ acetae, and 10% HCl, alao, actine plue ~% %0 and

8% HCl have been used as solvents(7b).
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Partition ohmmategraphy haa been rathermore extmaively stied. A

oolu.mnmade UP of OO1h -dlWzone solutionaupporbsdon celluloeeaoetati has

(77)0 The gm~e isbmn used k separatimanganese fran naturalwaters

elutadwith 1 M HC1. Kel F supportedtri-n~ctylphosphine oxide
(78) and teflon

supportedtri-n-octylaadne(79) have also been used.

8. Ssilard Chalmem Heactionawith Manganese——

Becauee of the use of pemanganate aolutloneand the Szilard ChaMnera

concentrationof the W on Mn02 for the damimdlzation of weak neutron

eouroea,many studieshave been made of the partitionof manganeseactivity

-(8o). Thebetwea the Mn02 decompositionprnduct and the unalteredMnOL

activity is almost all collectedon the MnO N the pH of the eolution ie less
2

than about Il. *en when 6olid H?!nCjis irradiated,only about 35% of the

activity iB retahed with the MnO- if the salt ie’dissolved in a solutionwith
lb

a pH of less than Il. Szflaxd Chalmersreactionshave

dilute solutionsof ~(OO)lo and C##n(CO)3(81), and

been recently studied

on crystalJlne

c##n(oo)3@l

Hadloisotope

Mn(oN)#oZ- (83).

exchangehas been used to study the structureof

IV HAZAHDS MD PF@XITIONS

Mangsmese IS relativelynontoxic in most of its compounds,and very few

cases of manganese poisoningare known
(Elk). However,workers exposedto large

cancentratlonsof manganese ccmtaintigdust have been lmown to be poisone~

Uanganism In its earliest stages results in muscular ticoordination,general

lassitudeand sleepiness,and certain emotiaal dlstu~ances such as uncon-

trollablelaughter or crying. If the exposuretm the manganese &et is

continued,the poisoningwill case pennancmt cripplingbut apparentlydoes not

shorten the ltie span. An avemge concentrationof 6 mg. of manganese per cubic

meter of

doses of

tir is oonelderedsafe for an eight hour work day. Relativ- large

u~ese q~~ taken orally are reqyired to cause poisonhg.
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Manganese is an hporbant trace constituentof food and the normal dddy titike

10 about 10 mg. Activationanalysishas bea used to campare the mangaueae

contenteof differentbody fluide in normal paople and people sufferingfti

manganeae poisoning
(85).

Sincemamganimn raaulta from exposurestm large

quantitiesof dust, tie handling of nomal laboratay amounts of manganese,irn

eeeentiaUy without ohemlcalhazami. Certainmanganese mmpounds, e.g. ~07

.anli NHwlo4 IL’
A major

due to %.

ara explosive.

hazed in tie radiochcmicals@iies of manganese Ie the radiation

SiLI- manganese hac a relatlv~ high areas section and Sk hao

a fairly short half life and mauy abundant gamma rays, quite large aatlvltlea

which give off large gamma damsa are aaefly produaed. Any saaple containing

manganese and irradiatedIn a modemateneutrcm flux shouldbe very aarafld.ly

surveyedbefore any work is started. The gacma raya f’ma 5% are difficultto

shield. A ample of about 50 mg. Mn irradiatedfor 2 l/2 hours in a flux of

~013
n/cm2seo.- give a gmmna dose, unehlelded,of about 1 I@r. at one

fOot (30 m.) ●

A9 Ingeatlonhacardz, 5%, 5k, and 5% are roughly equal. The

--ended ~ pezmisaiblecancemtratlonof both soluble and insoluble

fomna In air and water are given In Table IV.1
(86)

. Some reoent studies of the

biologicalhalf life of radicnaanganesein man show two half lives, one of about

four daye (30$ of the Mn) and one of about 39 days (70% of the Mm)’87).

Any work uith radloaotlvecubstanceeehooldbe oareili14planned and proper

safety pracautlonstaken. Smnples shouldbe adequatelymonltired and oare taken

to prwvat the sprOad of mntamtiatian. A goad refsrenaean safety prmedurea

is Included ti the Oak Ridge Haetar Anal@ical Manual(as).
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TABLE Iv.1

HUIHOM PEWISSIBLE COMC~TImS OF MAM~E ISOTOPES

Isotope Body Burdsm ~. week 168hr. week
@i

7:i s 2;:3 ?
ho in air
&i cm3 ls2i/m3

% sol. 5 10-3 MO-7 =04 7flo-5

5.6 d. iIISO1. mlo~ 10-7 31do~ %10+

%n 001. 20 MO-3 ~o-7 10-3 10-7

N3 d. insd. 3xlo-3 l@o~ 10-3 104

V COUN’l?IIWTECHNIQUES

All of the radioactiveisotopes of manganese excapt 1.9 x 106 year 5h

decay by the anlasionof gamma rays of high abundance,

uith NaI(Tl) orystala or Ge(Li) dectectom is the most

determination. The isotopes can also be countedusing

so gamma counting,either

comuonlyused method of

GeigerM~ler or flow

propotiionalcounters. An axcellentdiscussionof countingtechniquesis given

h the monographby 01Kelhy (89) and the book by Johnson, Bichler,and

0tKelley(90).

R. L. Heath(91) gives sclnt~ation gamma ray spectra of most of tbe

radioactivenuc~dea Inoludhg 5.6 day ‘h, 303 day ‘k, and 2.576 hour 5%*

His scintillationspectra of ‘~ and 5k am included in this monographas

5%, t~~ at a suneuhatFigures V.1 and V.2. A sctitillationspectrum of

greater source to detecter distancefi order to minimize sum peaks, is given as

Figure V.3. Heath also describesmethods of absolute countingus3ng sctitil-

lation countersand gives counttigefficiencies,peak to t.atalratios, and

absorptionoorreotionsfor gamma rays of differentenergiesand for differmt

oounter geaetfies. The tatal gamma ~ssion

determinedby dividingthe integratedarea of

rate (photonsper unit ttie) is

the photopeak (counts)by the
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counting time, the counting efficiencyat the knoun geanetry,and the peak to

total ratio. Oorrectionaalso need to be made for the fractionof the gamma

ray tranmaittedthrough all absorbingmaterial swh as added beta ‘abeoher,

crystalhousing, and if the sample is thick, the sample itee~. By using

Heathla efficiencycurves,absolute gamma emissionrates can be detemhsd to

better than S% standarddeviation. Since 7.6 cm x 7.6 cm (3” x 3“) cyltidrical

urystalaand 10 cm soume to detectordistancesare rather standard,HeathIB

values of the ovefl countingofficiency and the peak to total ratios for some

of the manganese gama raya are given in Table V.1. Heath gives the valueu for

other size crystab and source to

mm3 -CIMC12S

detactordistance.

7.6 m X 7.6 m CmiUCJU NsJ(T1) CRYSTAL

AND A 10 cm 9CURCE TO CRl!SIMLDISTANCE

Isotope Gamma Ray Peak to Total Gamma Counting
%ergy MeV Ratio Efficiency

Positron Mittars Osu o.6b 0.0217

2mlrlm%
0.783(100%) 0.492 0.o192
1.1.1(loo%) 0.395 0.0174

0.7M(82fi) 0.506 0.0195
5.& day =Hm 0.935(8L%) O.1111o 0.0183

1.L3I+(1OO%) 0.335 0.0161

333 day ~h o.835(loo%) Q.474 0.0189

o.8h8(99%) o.1170 0.0188
2.5’76hour 5% 1.8u(29%) 0.290 0.0152

2.uo(15%) 0.262 0.0M6
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The most accuratemetiod of detennhing the amount of an isotopeby game

counttig la by comparisonwith a atidard; relativegamma activitiescan be

detemined tc better than 1%.

radiochemic~ pure samples.

oftm poaaibleto resolve the

of the individualcomponents;

accuratelyb Impure samplea.

The most accurate detarwdnationsalso requti

However,by ustig scintillationcuunttigit la

compositespectrum of severalnuclidea into those

thus, it la often pasible tQ determines%

Canputer resolutionof compositeactitillation

(92)spectra la ccnmnonlydone especiallyfor routine analyaia .

The use of high resolutionlithium drifted gemanium detectorshaa made the

accurate detennlnationof gamma emittera h impure sampleamuch easier and more

accurate(”). Typical Ge(Li) detectorsare much smallerthan NaI(Tl) cryatala

and thus have much smaller countingefficienciea. Also, gemanium has a lower

atomic number than iodine ao that the ratio of the photoelectricproceoa to the

Compton proceaa is amal.ler.However,the much higher resolutionof the Ge(Ll)

countersmake6 the gamma ray photo peaka atand up much more clearly above the

generalbackgrounddue to the Compton effect. Thus gamma mya with relatively

minor abundance w be eaafly detectedand often have thefi absolute counting

rates detemninedwith fair precision. The peak counthg efficiency(integrated

counting rate In the photo peak dividedby the gamma aniaaionrate) at a

particularreproduciblegeanetq can be determinedby count- gamma swdards,

and a curve of peak muntdng efficiencyva. gamma

detectorobtained. Absolute gama disintegration

a precisionof about 5% fmm mlch a curve. Since

standard la oomumnlyIrradiatedwith the unknown,

ene~ for a particular

rates can be detemined with

for activationanalysisa

greatarprecisioncan usually

be obtained. Lithium drifted germaniumgems detectorswill aaai4 resolve

g- raya that differ in energyby 5 or 10 keV and allow the intenaitieaof

each ray to be measured.

5% is shown h Figure V.4.A lithium drifted gemanium gama spectrum of

The spectrumwas taken with a 2 cm’ planar detectorusiug a 1024 channel

analyzer. It olearly showa the single escape (SE) and double escape (DE)peaks
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frcm the higher energy g- rays. The spectrumcan be comparedwith the

NaI(Tl) apeatmm shown in Figure V.3 which was taken on the e-e eample.

If Qe(M) countersare ueed, the major gamma rays of % can usually

be seen without chemicalaepamtlon on moat neutron irradiatedrocks and muoh

biologicalmaterial. A major titerference ie often sodium (15 hr. 2ka) and a

eingle p-ipitation of fi02 fi”m a titric”acid eolufionPIUEI~ro3 or K~03

til usuallybe adequateto rmove Na and some other titerfSrences. Lithium

drifted genuatuiumgamma spectra,because of the exoellentenergy revolution,

lend themselvesto computerprooesstngand analysisof the data. Even though

germaniumdstectom have very high resolution,it is essentialto oheck that

there are no titsrfe-g g- rays, especi~ if ~~utsr da- procees~g

is behg used. Thus if manganeae is being detemdned on a new type of SSaUplO,

it would be well to check by followingthe decay of tie gauma peaks and by

ddng radiochtical eeparationah be sure there are no titerferences.

Beta particle counttig an aleo be used, especi~ for 5%, and has the

advantagethat it requfiesa mirdnmm of squipmnt. The most caumonlyencoun-

tered nuc=de, ~, emits mainly sne~etic beta r6wa, 2.84 MeV (47%),1.03

‘h (mitting 2.17MeV (~%), and 0.72 MeV (18$). Two other nuc~des, b5 min

MeV poeitrona975 abundant)and 21 min 5% (titting 2.63 MeV positins 92%

abundant) emit high enerfg particles. These three nucld.deecould, therefore,

be countedand sample self absorptioncorrectionsmade fairly easily. The

nuclide, 5.7 day 5% decap about 2/3 of the time by eleotron capturebut does

tit positrons, 0.575 MeV (33%)● Both 1-9 X 106 ye= ‘~ and 303 @ 5b

5% does have a 100%835 ksN g-), butdecay entirelyby electroncapture (

can be countedwith fair efficiencywith an argon bery~um window flow or

G.M. counter. Self absoqtion wrrsctione a= very difficultto make for the

we~ ~0~ ksv Cr K x-rap from manganese electroncapture -d EdSO CO=tiOM

need to be made for the ratio of K te L capture. Speoial equipmenthas been

developedto count weak X-rays in the presenue of a high energy gsmma ray

background. High ~eolution lithium drifted dlkon photon countersuith
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barylllunwindows are particularlyvaluable for counting low enerw X-rays.

Those manganeem isotqas cmlttingboth ~clea and gamma mya can be advan-

tageouslydetenmdnedby 4Trbeta-ganma coincidencecounting.

The nuclide ~ mite sae high energy g~ m, 2.110 MeV (15%),

2.52o HeV (1.2%),2.95o MeV (0.~%),and 3.390 MaV (0.21%)which ~ve -Hcih

ene~ to produce photoneutronsfrcmIberylltumand, -cept for the ~t,

deuterlum. The countingof photaneutrcm produced in D20 has bem used to

5% in activationanalysiadetemnine
(96).

VI MAN~ SERUATIOM PIU)CEM~

A number of methods have been used to sepazuteand _ mdioactiva

manganese for activatim analysi~,tracer production,reactionyield dster-

minationa,and analysis of radioactivecon~ination. Standardizedmangsnese

solutionsto be used as tier can be preparedby dleeoldng a lamun amoumt

of manganese, either high purity eleotrol@ic manganesemetal.or manganese

sulfateIgnited h 500”C, in dilutenitric acid ad maldng up to volume. If

the purifiedmanganese from the radiochanicalseparationis Mn02, it is best

to standardisethe carrierby precipitationand weighing of Mn02 since the

diofide is not quite stoichiometricand still contaha a little water when

tied at D-C. Manganese tier can -o be stadardized by titrimetricor

colorlmetflcmethods, see Section 3.

The methods that am inolndedhere hava not necesaarllybeen checkedby

tie author. Procedure1 is a ~eral procedurewhich is fast and my to

oarry uut but which gives a relativelypoor separationfrom a number of other

el=ents. The additionalsteps In procednre2 have becm tioluded to sepamate

these contaminants. Fhwcedum 3 is essenti~ procedure1 appliei far acti-

vation analysis. Proaeduree4, 5, and 6 am brief outl.lneaof sae solvent

extractionseparationsused for activationanalysis. Procedures7, B, and 9

are taken fr& the previous edition of this monograph. Procedure10 is the

standard aolorimetricanal@s procedu~ for manganeseand wIU be useful for
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detexmidng Ohalical fleldn.

Rmaednn ~

Intmductiono

The prCCipi*tiOil Of hydmted ~2 fX’a ● ~3 Colutionof k++ by

-dation uitb KBr03 or EcC103 10 the most uidely ueal eapwW.ion metld for

mngenese. It uill sepamatemangamaa frcm moat other elcmsnta;howwr, S1,

W, Ta, lib,and Pa are almost quantitativ~ tied and the pmipit.nte nlll

c- appreciableemomte of Fe, Zr, HI, Co, V~ ad S& The preoipi~tion is

nenally not quite quanti-ti~e. Emaver, itieavery faatandueefbletap to

cmcentrati man&eue ●nd eepmate it from met COnwdmmti, and it wfll

Probabu be the on4 em neoeeeary U the actitiw ie balng counteduith a

IAtbilm MftOd gamaniuu counter.

SouroeI

m~ b met procedural,eee Leddicottc(97). .

MaterialAmaQ8Cdl

5k or w for aoti~ationanalyeie or analpaieof cmt.amlnation.

Ikgentel

Hn carrier,

HN03 eom.

KBzS)3 eoldd

ID mg@ Hn ae nitrate (Mote1.)

Hold back cari5erm, about 10 mg/hl

mo3 a

Btl@L alcohol, 95%

Procedural

Stap 1. Dieeolre mmpla in &l to mm. EN03 (Mote2). Add about20 mg

Hn oa~er. Add Fo(I~) and Zr(IV) holdback Mere. Dilute b abmt 20 ml

Uith a my

Step 2. Add -t 100 mg eoMd KBfi3

precipitateand be ooagulatadby the heat.

u

and heat tc boiling.

cool. (Mote 3).



Step 3. Centrifuge and dhcati eupernate. wash precipitateseveml time6

tith 6N HN03. Gu to step 4 or 5 depentig upon purity desired.

step h. Mseolve Mn02 in 6N HN03 plus mldmm ~02. Boil to deetmy

excess ~02. Repeat steps 1 through 3. 00 to step 5 when sufficientlypure.

step 5. SLurry Mn02 with O.lN HN03 sad flltir onto weighed fflter paper

disk about 2 cm dam. Use a Hirsch funnel or a aintered glass filtetig

appamtua. wash precipitatewith water and alcohol, dry at 100”C and weigh as

‘2 “

Noteec

1. Standard?fncarrier can be made by dissolvingan accuratelyweighed

amount of 99.9$ electrolyticMn mew or Mn@h heated to 500”C In a littla

dilute HN03 and maldmg up ta volnm& For beet accuracy standardizeas Mn02

dried at I.00”C.

2. Avoid excass cdilorideor sulfate slnoe they -d to complexMn and the

chloridealso reduoeeNn(IV).

3. HaC103 can be used instead of KBr03 as the o~dant. It oxidizesthe

Mn more slowlybut gives a more filterableprecipitate.

Prooednre~

Introductions

In ‘thisp=cedure for the separationof manganese fmm fission-product

solutions,manganese is finallyprecipitatedas MnNHhPOb=~O after stand-d

deoontsminationsteps. No detectableContaminationwas found In the manganese

s~tid

Sourcez

This

Collected

* 2.5 x 10° fissionsone hour old.

pzwoedum is taken frcm B. P. Bayhurst and R. J. Prwtwood h the

(98)
Los Alaems Hadiochcmlcalprocedures .

Heagents #

Mn Carricu, 10 mg@. Mm as MnC~ in ~0, stan~ed. (Note 1).

W cafier, 10 U* H 6u3w#ob0240 h %0.

Fe carrier, 10 mg&l Fe as FsC13 in ll!HC1.
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Pd carrier,10 @hil Pd as

Zr carrier,10 mg/ml Zr as

HC1, cono. end 6H.

’03’ ‘em”

CH3COOIiglacial.

‘4°H’ Cmc”

NaOH, 1~ .

H.#!gem.

Pd~”240 In lM HC1.

zm~.e%o h M ml.

NaBfi3, 8atwrated~olution.

(NHb)2s 20% solution.

(NH4)2HPo~,1.9.

Aerosol, 0.1$ h 40.

Dowex AG 50~, 100=00 mesh cation reein.

Dowex AG 1-X8, 50-100 meeh anion reein.

Ethanol, abeolute.

Pzwcedures

Step 1. Add the ample to 2 ml Mn oerrlerin a 40 ml conical centrifuge

tube and adjuet the volnme to about 20 ml with uonc. HN03.

Step 2. Add.5 dmpe W carrierand heat on a etaam bath for 5-10 min.

Centrifuge,tranefer the aupernateto a clean centrifugetie, and repeatthe

W scavenge.

Step 3. To the eupemate from the eecmd W ecavengeadd 3 ml eatd. NaBfi3

and heat on a ete= bath. Mn02 beghe to preclpitate and the 6olutionfizzes.

Carefhllyadd another 3 ml NaBfi3 and heat on eteem bath for a total of about

10 *. Cool, add ~0 to fill tube, cemt~e. Discard eupemate, wash

precipitatetwioe with ~0 dlecardingwaehlnge.

step 4. To the precipitateadd 2 dmpe Fe carrierand 6 ml.cone. l!Cland

boil down ta a volume of about 3 ml. Dflute to 20 ml vith ~0, add ccmc.

NH40H dropuleeuntil Fe(OH)~ precipitates,aad *= 14 drops In exceee. Heat

“ona ete= bath for abcut 2 mti and centrlfu~. Tranefer eupemate to a clean

u



tube and repeat the Fe scavenge. Centrifuge-and tramfar second aupernateta a

clean tube.

Step 5. Add 2 ml of 20% (NHL)2S,heat for 1-2 min on a steam bath and

oatrifuge sav3ngHnS precipitate.

step 6. To the precipitateadd 5 ml glacial CH3COOH and botl.over a flame.

Add ~ drops Pd carrier, dilute to 20 ml with ~0, place on a st~ bath and

bubble h H.#. Centrifugeand save aupernatein a clean tube. Repeat the

ecavengeHIth 5 more drops Pd catier and again save eupemate.

step 7. ‘fo& SUpernataadd 3 ml of 1.9 (NHh)2HPOL=d ~~t ~ MOPS

cone HOl and bofl. Add 2 drops Zr carrier,catrlfuge, and save eupemate.

Repeat Zr scavamgeand again save supernate.

Step 8. To the aupernateadd cone.NHbOH dmpwiee until MnNHhPOL=~O

precipitatesand then heat on a steam bath for 3-5 min. Cool, centrMuge, and

discard supernate. Wash precipltate with water.

S- 9. Dissolve the precipitateh 2-3 drops cac. HC1, dilute to 5-7 ml

uith ~0, and place on a Dowex AG 50~, 100-200mesh cation resin column

(6 mu diam, 3 an. long). Rinse tube uith ~0 and add rinsings b column. ~aah

oolumn wlti 2-3 ml portionsof ~0 and disoardwashings. Place the oation

column on top of an anion column (DowexAG 1=, SO-1OO mash, 8 mm diam, ~-~ cm

long) and elute with 6-9 ml 6M HC1 letting eluato fran cation aohmn drip

through anion column. The Mm is h the eluate frcm ths anion column. Col.lmt

the eluate h a CIM mntrlflugetube, add

~(OH)2. Centrifuge.

Step 10.

no color left,

$tep u.

step 12.

step 13.

St.apk

step 15.

Dissolve the precipitatein

then repeat W ❑cavage, step 2.

1~ HaOH &pWise to p-cipitate

10 ml Ccmc HNo
3’

boil solutionuntil

Repeat

Repeat

Rapeat

step 3.

Fe scavmge, etep 4.

MnS precipitation,step 5.

PdS ecavmge, etep 6.

Zr phosphatescavenge,step 7.
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Step 16. To the aupemate add oonc NHhOH &o@se until MnNHbPOh-40

precipitate and then heat on a steam bath for 34 min. Centrifuge,discard

au-ate. Diaaolveprecipitatein ~-~ drops cOnS HC1. ~lute ~ 20 ~ ~~

~0, add a f- drops aerosol and centrifuge. Save the aupernateh a clean tzabe

and reprecipitateMnNHbPOh”40by adding (NHb)2KPObtha NHhOH. Filter onto a

weighed No. l@ Wha- 7/8rn(about 2 m.) ~ter cfile using a =-d off

Hirsch fuunel and a filter chimney. Waah the precipitatefirst ulth 0.1 M NH OH
4

and then ethanol. Dry at ~O”C, cool, weigh, and mount.

Noteaa

Manganese carrierla zk9deby diaaoldng 22.9 gr=n MnC~ in ~0 and

diluting to 1 liter. To standardize,a 2.00 ml aliquot la pipeted into a

40 ml mntrUTuge tube, 5 *pa oonc Hcl.amd, Wen 3 ti 1.* (~4)2~4S th~

NHbOH added to make the Solutionbasic. The aolutian la heated to bofling,

tien let atand5ngfor 10 min. The precipitante la then filtered quantitatively

into a weighedainteredglaaa crucible,washed tith O.1 l!NHhOH, then aloohol,

then dried at UO-C and veighed aa HnNHhPOh*~O.

Procedure3—.

Introduc$iont

Hven with fairly low power reactora, flux around 5 x 10U n/cm2aec,

manganeae can be determinedat the nanogram level. Manganese IS detenmlnsdby

canparhg the ~ activityproduoed in the unknown with tiat prticed h a

dLLute Mn in Al -y uanparatiraampla. Iron and aobslt can interferedue to

the fast nerztranreactions; ‘ke(n,p)5% and 59Co(n,a)5&. Sixme these

5%(n, y)5% reaction,do not occur HIth thermalneutroqreactiona,unlike the

the titerf6r~oe can be minimizedby irmdiating the samples h a highly

5& produced from iron ad oobalt can be detex-thermaMzed flnx. Also, the

tied by irradiatingthe a=plea in a hard (largefaat nautrcm component)flux

and a highly themaliaed flux.

Smuce;

H. T. MuJ.lba and ~. W. Lwldlcotte, %ativatlon An81y81e of Manganese -
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Reaotor IrradiationSourcem,Oak Ridge Master elcd hwl, 5 U-l@
(99).

NHLOH ~NJ stock 28% NH30

CoagulantNo. 78. ~urry 1 g of No. 78

(BurtoniteCompany,Nutley, New Jersey) in 1

(C2H5)20~afixms.

Holdback aarrlere,about 10 mg@.

ore flomtil.mntvegetable

litar

4N HCl, 500 ml cone. HC1 per llt%r eolution.

33%K-)+●

Dilute (typicallyabout 1.1%) Mn in Al alloy,

canparatoreample,

F$o.

apectrographically

colloid

pure,

M HMj, 195 ml conch HN03 per IAtar solution.

‘c103’ ‘O1id”

Sam@ee !

Unhowns, weigh out to better Man 1%, 100 b 200 mg samples of solld or

take tm better than 1$, S to 25 ml samplee of liquids. Compamtor samples,

weigh 25 k ~ rzgsamplesto i 0.1 mg.

Irradiation

Irradiateeamples 3n po-lene or quartz ampoules. Irradiatefor about

2.5 hours (less M ultimata sensitivitynot needed).

Procednms

A. Comparator samplesi Transfer quantitativelyto a 10 ml Volumetricflash

Dissolve in minhnn cone. HC1, dilute to volume, mix well (watchradiation

dose). Take 1.00 ml aliquote in ~ ml centrifugetubes, add 2.00 ml stand-

ardized Mn carrier plus about 1 ml each Cu++, Ni++, and Na+ holdback carriers.

Mlute to 20 ml with ~0, *, make alkalinewith ~OH and oontinueas in

part c.

B. Unknownss If soldd, tranefar quantitativelytu a 50 ml centrifugetube,

add 2.00 ml standtized Mn carrier and abc=ut1 ml each Cu++, Ni++, and Na+

holdback. Add cufficientmineral.add ta tinsolve eample,heating If neoeesary.
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DILut@ to 20 ml, make basio witi NEhOH, and

unlmobfn,pipet a known aliquot into a 50 ml

standardizedMn aarrier and about 1 ml each

tite b 20 ml, make baaic with NE40H, ad

oontinueas in part C. If liquid

centrifugetube, add 2.00 ml.

Cu++, Nl++, and Na+ holdback,

cont~e as in part C.

c. Radiochemical sepfmatilnl:

step 1. To HH OH solutionadd 5 drops 30% ~02, h-t ~ bofi~g ad
4

csmt~fuge, saving the Mn02 precipitate. Wash precipitatefimt with 20 ml

IllMibOH them with 20 ml 3 IW03 (Note

step 2. DissolveFb102in 2 ml 6N

Heat and boil X SSC. Add solid KC103

1).

HC1 and dilute to 10

h 0.5 g increments,

ml with cone. HN03.

heattig to 75°C

after each addition (Note 2) until Mn02 precipitantion is complete. Centrifuge,

wash Mn02 p=ipitite with 25 d y HN03.

Step 3. Slurry Mn02 with a little ~0 plus coagulantNo. 78. Filter Mn02

through a weighed filter paper ckle held h a Hi-ch funnel. Wash three

times tith 5 ml portions each of ~0, 95% C2~, tha etml ether. Dry at

100”C and weigh b determinem&anese yield, then mount for counting. The

ohemicalyield shouldbe well over 50%.

D. counting:

The ~ can be detenuinedby eitier beta or gamma counting. Gamma

oountingwith a sotiti~ation spectrometer,or even better a llthium drifted

5% activitycan usuallybegemanium spectrometer,is preferablesince the

accuratelydetexmhal in the presence of radioactiveimpurities. Since the

manganese aotivity of the unknown is betig measured againsta known comparator

sample, it is aly neceseaq to mount and count the unlmown end lmoun samples

in exactly tbe same way and to oorrectfor decay and chemicalyield.

Mount the unknown and known cmupmtor samplesin the came way, usually on

a cardboardmounting oard, covering thm with a thin layer of cellophaneor

Sootch “tipeto contain the sanples. Ustig a Geiger4Mller counter or a flow

proporbhnal.counter detenainethe backgroundand the countdngmtes (at tie
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same gemetry and with the s=e added absorber)of the knuwn and unknoun.

Correct the counti to the sme decay time and for olmnical.yields and calculate

the manganese content of the unknown. If the Mn02 samples am of considerably

dtfferentsize, errorswi31 be in+iraducedbecause of sample ee~ absorptionand

backscatterlng. hpirlcal cor~ctions can be applled.

If the ~diochemical purity of tie unknaun sample is questionable,follow

the decay of the sample or take an aluminumabsorptioncurve.

Mount the urdmown and known

at the same ccmntergeanetzy and

cauparatorsqlea in the same way and count

with the same added absorber. Uae a scintill-

ation spectrometeror a Ge(Li) spectmmneter. Detenntie the peak countingrata

of the 847 keV photopeakby integratingunder the peak and subtracthg off the

actrapolatedComptonbackgroundfrom the higher energy gamma xays. If the

smnple ie radiochmmkally pure It is sufficientto fitegrate over the peak and

subtractthe counterbackgroundh the same channels. If there is an titer-

fering hqxunl.ty,integratethe 1811 or 21J0 keV photopeaka. Correct for the

differencein decay times and chemicalylelde and calculatethe manganeee in

the unlamm. It may be convenientto count the sample first (e.g. sti~ ti the

c-ttifuge tube) and detemlne the manganeseyield colo-etfically later.

Notest

1. It is Imperativethat all the H202 be washed out before the Mn02 IS

washed tith ~ SNO , othemise it wjJl dissolve.
3

2. KSIQ3 can be used instead of KC103 to precipitateMn02. It reacts

more rapidlybut gives a 1sss easily filterableprecipitate. step 2 of the

prooedure can be repeatid for greaterprity.

Prmaedure~

Introduction:

Tetraphenylamonium pemanganati is exbractedby CH013, relativelyfeu

other elan~ts extract;it is thereforea good putiication step for Mn. h

this procedurea substoichicmetricamount of tetraphenylaraonlumchlorideis
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used so that the yields for the

essentiallythe same.

Sources

A. Zanan, J. Prasilovaand

unknown and comparatorsampleswiU be

J. Ruzicka(lOO)

Reagents:

* ‘d Cone”‘Jw
Mn carrigr,l.&10 ‘2 H NnSOh

‘3p04’ 85$
AgN03, 1% solution

(NHp/208

NH OH solution4
tetraphenylarsoniumchloride,2x10-~

CHC13

Procedure:

Step 1. Irradiateunknown and

10 ml lN H2SOh (sampleswere chalk)

8~ZH3POh, and dilute to ~Oml with

comparatorsamples. Dissolve ssmples in

(Note1). Add 0.60 mlMn carrier, 2 drops

water (Note 2). Now add lml. cone. H SO
2 4’

1 ml.l%AgN03 andl g (N$)2S208 and heat to oxidizemaqanese toMnO~. Boil to

destroy excess persulfate.

Step 2. Cool, adjust pH to 5-9 with NHhOH (Note 3). Transfer toa

separator funnel.,add 2.00 ml.2x10-?M tetraphenylarsoniumchloridethen add

5.@Oml CHC13 and extractpexmanganatefor jminutes (Note4).

Step 3. Either measure activtty in 3.00 ml of the CHC13 extract or

evaporateto dryness antitake up in 2 ml.hot cone. HC1. Proceed in the same

way with

Notes:

1.

both known and unknown samplesand assume yields the same for both.

H SO is the best acid for dissolutionsince SO; is not extracted.24
With HC1, Fe(III), Sn(IV), Pd(II), etc. can interfere. Nitrate efiracts.

2. IfAu, Re, or Tc are present, add a purificationstep by extracting

manganese diethyldithiocarbamatecomplex. To the sample in H2SOL withMn
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oarrler added and pH ~ueted to 8 add

-emate and extract precipitatewith

to Hn(III) and -racta as the Mn(III)

3. At PH 8, MoO~ and CrO~ do not

4. A SUb6t0iChi~etfiC ~t Of

5 to 10 fold excess Na diethyldithio-

10 ml CHCl=. The Mn(H) is air acidised

ccunplex(’o~’).
extract.

tetm@henylamnium chlorideIS used.

Manganese In the unknown Is equal to the manganese in the comp-tor sample

times the ratio of tbe activities k the UdMown h the cmnparator sample

(correctedfor decay).

Procedure5—.

Introductions

This procedarewas developedto separateand concentratemanganeaeprior

b Oolorhatrlc Sulalyals.It Is based upon solvsmt extracticmand could be

adapted for activatIon analysis.

Source:

W. B. gealy,

Heagents;

oitric acid

~OH, &, I.U

sodium diethyldithlocarbemate

CHC13

HC1, m

%Wh

mo3

HC1O
4

Procedure:

Step 1. Ash bone, teeth,milk, etc. uukrmnns. Irradiatewith hIown

comparator. smples. Add 2 g citric acid per gram ash and diluta b about175ml.

Step 2. Adjust pH to about 5.2 by a&Hng & NH OH using a glass electrode
4

and a pH meter t.nmonitor the pH. Add O.4 g sodium diet~ldithlocarbamate

(DI132A).Ad@~ pH to 5.3 with 1.M NHLOH and dilute to 200 ml.
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step3.

5.6, readjust

step 4.

OK&wte. k

step 5.

ExWmt uith 25 ml CHC13. Extractionoausea pH to rise to about

to 5.3 WLW about 1 ml 3H HC1. Abcut 90% of b in =tr=k

Add O.h g more DIECA and reextractjabmt 90X of renaiuingMn

**te only V=Y slowly predpitatea.

lhaporateCHG’13extracts,dlgast HIth H2S04 - IDJ03- HCIOb.

Count and detemnineMu colorimetiaalJy.

*edure Q

Llhduotions

TTA will caplex Mn(II) at a fairlyhigh

waaplax hae bem ueed tm purLfYmanganeae for

PH. The extractionof the TTA

activationanalyeia. The aamqilea,

u
If biological,am ached and irradiatedin a neutran flux of about 7.5 x 10

n/cm2aec.

Scarce*

F. Kulmla,B. Mudmva and M. Krivanek(59).

~~

Mn c.su’rler,MnSOb in E$O, 1 mg/ml

Buffer, CH3CGONHL@lE NHkOH

eodlum tm’trate,10%

m, 20% .

*yl~ roacetone (m) In ethanol,O.11 M

T!J!AIn ethyl aoetate,0.2 M

~tie hydrochloride

Hol

Prooedure~

step. 1. Dieaolve irmdiated ash, eto., in HC1 (use HN03 - I@ for ZrAl

alloy). Add 2 ti Mn ca’rier,3ml 10% Mate, 3 ml 20% KF (Note 1), 10 mg

hydroxyladae bydrochlotide,and adjuti pH h 8 -8.5 with tie NHhOH - CH3000NHL

buffer (Note 2). Add 0.5 ml.Tl!AIn ethanol (ca@exes about 70% of Mn).

Step 2. IMract 2 to 3 min uiti 10 ml TTA h ethyl acetate. Meaeure gains

spectnlm of extract. Det=mine yields calorimetrically.
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Notess

1. Zr, Hf, Nb, Th, Fe, Sc, and Sb are prevented

fluorideand tartrate,Cu and Co by the NBhOH.

fromextractingby the

2. Mn(OH)2 does not precipitate at pH 8-8.5. Hydros@amime

is added to prevent the alr oxidationof Mm(II).

Procedure7—.

IMroduction#

hydrechlorlde

This procdure w developedfor the neutron activationanalyeie of

mangane6e in biologicalmaterial (blood). It gives a manganeseyield of

60 - 90% and takee &at 2.5 hare for eight eamplee. The fractionof 2%a

left iB about 5 x 10-9$ and 32P, 2.2

Souroet

H. J. BOWWI(lO1)as reportedby

Reagemtst

fuming HN03

etandardisedMn camier

-3x 10 %.

Leddicotte(97).

holdback carrlere,about 10 mgfml, of Br, Cl, Co, Cr, Cu, Fe, Ni, Na,

K, Y~ and Zn.

H202, 30$

N~C03 solution

& Ha

(~4)2~4 eolution

CH3COONH solution
4

m moj

NaB~3 eolution,saturated

acetae

Procednm;

Step 1. Mseolve the irradiatedblood in hot fuming nitric acid contalming

50 % mmg=eee Mrrier m tie holdb~k c=rlers listed under m=g=ts. R’e-

oipitatemanganesedioxideby adding NS0103 solutionand heating. Cant-e,
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diBcard supernate.

Stap 2. Waeh Nn02 twice wI* water, centrli’ageand discardwaehee.

step 3. DissolvelfM12h acidified~02, thm PrsoiPi~~ ~@3 by _

NY LW3 solution. Centriftage,discard sugmmate.

Step 4. Wash pracipititewith watir. Diseolve precipitatein dfl HCl

-d m ‘eQ3’
anmmniumphosphate,and ammoniumacetate eolutione. -cipitate

Fe(OH)s tith NHLOH. Centrifugeand save solution. Repeat ecavcmgeby ad-

more Fe carrier,centrifuge,and save solution.

Step 5. To solutionadd enough Na#03

and cave precipitate.

Step 6. Diesolvethe MnC03 in 2N HN03

to precipitateMnC03. Centrifuge

and precipitateNn02 by -g

saturatedNaBrO totie eolution and heattig. Centrifuge,save precipitate.
3

step 7. Waeh the Nn02 three thee with water and once with acetone.

Centrifuge,ticard washes. Tranefm Mn02 to a weighed countingtray, dry

under an hfrared lamp, and ueigh to detemine ch-cal yield.

Step 8. Cover

Introductions

Tbit3prooaiure

tray with Scotch tape and beta or gamma count %.

Procedure~

wae developedfor the mvutmn activationanalyBis of

mangmese in biologicalmaterials (tomatoseeds).

frcm P and Na and takes about 2.5 hours. Ch-cal

Sou.me*

It gives good decon~tlon

yield shouldbe 60- W%.

H. J. M. Bowm amd P. A. Cawee
(102)

aS m- by Leddicotte(97).

Raagentsl

’03’
cons.

s~sad Mm carrier

CU, % rn~ holdback tiers, about 10 mg/ti.

‘aa03J
saturatedSolutia

2M HCl

30% q32
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‘km’ -co
cH300mHhaolutlon

Fe(IT03)3in dll BN03 about 10 mg@ Fe

‘4%P4
Mlf03)2S about 10- Cu

ammnlnm eulfide eolution

RtlcedUe#

step 1. Traneferthe irradiatedtieeue from the Irradiationcontainerto

a ~ ml centifage tube. Add 10 ml oonc HN03, 10 mg Mn carriar and holdback

‘-ti~ of ti, Y, and P03-.
4

Boil the mixtiareuntil the tieeue diesolves. Add

1 ml NaC103,heat, centrlfhgeand save Mn02 precipitate.

Step 2. Waeh the Mn02,twieeulth S ml ~0. Centrifuge,diecardwash.

Dlaeolvelk02 In 3 ml 2N HCl and min. ~02 and tha add NHLOH amd CH3COONHb.

Be cure all ~02 Ie boiled out firet. To thti mixbure add 5 drOpEof Fe(N03)3

=d me dZWP ~~h. Ctitige, dlsc=d precipitate.

Step 3. Acidify the eupernatewith 2N HC1, add 3 drops CU(N03)2and

=lOughm~m h precipitateCus. Centrifuge,caving eupernate. Wash CuS

ome with 2XI

stepI!.

mmkrUuge.

step5.

HCl and add waeh to aupexnate.

Hake ti eolution alkalinewith 3 ml NHLHB and NHbOH, boil, then

Save NnS precipitate.

Waah MnS twice with ~0. Catrifuge. DleeolveMnS in 10 ml of

COnCIiN03 and add 1 nilNaCIO
3*

Boll (caution!), c=trlfuge and dlecard

eupemate.

Step 6. W&h the Nn02 precipitatewith three 10 ml portions of hot water.

Mecard Waehee.

Step 7. Hlnrry the Nn02 precipl-te with Wat= Inte a weighed counting

tray. Dry under an ~d lamp, cool, weigh to detemine yield..

Stap 8. Cover the tmiy with Scotch tape and bata or _ count 5&. -
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Procedure~

Intrduction~

ThlE procedurewas developedto detezndnemanganese

irradiatedcopper. The reparationtime is 30 b. and a

Isotmpes in cyclotron

decontaminationof

greater than 103 from other ehrmsntsis reparted. Chenicalmeld about 75%.

Sourcet

(103). S-eral otier manganeseBatzel as reportedby W. W. Meinke

proceduresare given by Meinke. They are slmllar to this procedureexcept a

clifferent etep Is includedto remove the target material.

Reagentst

‘To3’
cone.

StandardizedMn carrier

Holdback carriers,Zn, Ni, Co, Fe, Cr, V, Ti, SC, Oa, and K. About 10 u@l

H# gas

HOl, 6M

NEhOH, cone.

KC103 soldd

H#2, 30%

Procedure~

Step 1. Dissolve the copper in the tiimum amount of cone HNOj. Bofl

almost to dryness,add carriers,Zn and below, including5 mg of standardized

Mn. Make about Illh HC1.

step 2. PrecipitateOuS by bubbUng in H#. Centrifuge,save eupernati.

Make supernataalkaUne with NHbOH and bubble in more H# to preoipitite

euLfidesincludingM&. Centrifugeand wash.

Step 3. Dissolve sulfidesin L ml fuming HN03. Add 2 or 3 crystalsof

K0103 and boil gently for 2 minutee to precipitateMn02.

Step ~. Wash precipitatewith ~0, then dissolve in minimsn HN03 and

qo2. Again add holdback carriersand make 16N h HN03. Heat and precipitate

Mn02 with KOI.03as in step 3.
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Wq ~. u-h, f!Uter, dry,

ganmlacount.

Introductions

weigh, and mount MnO precipitate.
2

Beta or

Procedure10—.

The manganeaeyield frcm a radiochenicalseparationcan often be mor6

convenientlydetemlned by colorimetficanalysls than by weighing. If the

concentrationof manganese is h the opthmm region, a precision of O.~%

standarddeviationcan be ob&dned,

by weightigMn02 or MnNHLPOL~~O.

Source2

considerablybetter tkn that obtained

1. M. ISolthoffand P. J. Elving,“Treatiseon AnalyticalChmdst~’ ’34).

Rsagentsa

& mo3

H#2, 30%

~~b, cone.

‘3mb’ 85%

‘oil’
solid

Procedures

Step 1. Afier countingis canplabedanalyzethe sample. If the sample

is solid, &esolve it in & KN03 (plusa little ~02 h the case of M02 )

and make up to a convenientvolume (10.0ml) h a volumetricflask, and take

an aliquot eethuatedto contain0.5 to 1.0 mg Mn. If the sample is liquid,

take a same sized ali~ot.

Step 2. M the aliqpot to about 10 ml &l HNO
3’

boil to rmove ~02 and

odiize Fe(II) and other mdnctig agents.

the allquot shouldbe added to cone.
%“b

of t333. Then, after the solutionIs cold,

Step

85% H3m~

boil very

3. mute the solutionb about

If the solutioncontainsmuch HC1,

and the solution evaporatedb fumes

C=- add about 10 ml @! HNO
3“

20 ml with ~0 and add about ~ ml

(decolonizesFe(III)), then about 0.1 g K104. Heat to boiling and

~~ for ab~t 1 ti.j then w 0.1 g KIOL more -d again boil
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gently for 1 min.

fiep 4. Cool solution,transfsrto a 100 ml vulumetrlcflask,make up to

volume, take samplesand detanninethe transmittanceat S25 miJlimicronsushg

a e’peovtme~.

Step 5. Take a series of known m=gsneee s=plee, oxidiEe,and eetablleh

a working curve. For a narrow band spectrophotometer,Beer’s law holds.



RH’EUWCES

1. G. Frhdlander, J. W. Kennedy, and J. M. Miller, Nuclear and Radiochnistry
2nd &i., John Wfley and Sons, Inc., NeH York (19~ —

2. a) H. l@bucbl, J. Tobailem,C. Iager, R. Bibmn, GsoclrbnCO-chiIU A- ~
9h9 (Sept.1968)

.—

b) D. Lal, and 6. vanka~vmti, Earbh Planet. Sci. Lett. 3299 (Jan. 1968)—— —— .

C) J. 6h~d10VB@, P. CrSsSY, md T. Kok, ~. @oP@. ~= ~ 5051 (1967)

d) P. J. Cressy, and J. P. Shedlovs~, Science~8, 1716 (1%5)

3. U. Honda, J. P. Shedlovsky,and J. R. Arnold, ‘Studie8of Natural and
InducedEadioactivltiesnU9ABC Report NP 10581 (1961)

4. C. M. Ledsrer,J. M. HolMnder, and I. Per-, Table of Isotopes,6th Ed.
John Wiley and Sons, Inc., New York (1966)

——

~. a) u, He~rs, MRa~oactive Dating and MethOdS Of bW-Lf3Vel~~~gt’ J

Symposium ~OIISCO,March 2,-10(1967)CONF 670309J YAM, Vienna

b) W. HerrJ U. HerpezmJand R. Woolfe, ~. Radi@mal. ~. ~ 197 (1969)

6. D. J. Huges et.al.J Neutron Cross Sections 2nd ILL Suppl. No. 1 USAEC
Report BNL ~~ (19@-

7. a)

b)

8. H.

9. R.

10. a)

b]

c)

d)

11. T.

12. E.

13. M.

~. a)

b)

c)

R. SherJ ‘The 55 MI ResonanceActivationIntigral=Jp 253 of: D. T.
Goldman Ed.’’Neutron Cross Sectionsand Technolor#4NationalBuraau of
StandardsJ Special pub~cation 299J WashingtonD. C. (1968)

R. P. Sohuman and J. R. Berreth Wesonanoe IntegralMeasurements’1J
USAEC RSpOrt ~-1296 (1969)

T. urdJ Jr., Science~ 923 (1965)

C. KochJ ActivationAnalysis Handbook,Academic Press, New York (1960)——

D. Robez-bson,L. Rancitelli,and R. Perldns USABC Report BWL-8A-1776
~w 15J 1%8)

F. %nmd and B. Kerma Talanti U 1339 (1967)

W. A. HaUerJ L. A. RancitelliJand J. A. CooperJ ~. ~. Food Chcm. @
1o36 (1968)

J. Keane and E. FisherJ A-OS. ~tiron ~ 603 (1968)——

Pierce, J. PdwardsJand K. HatiesJ Talanta ~ 1153~ (1%8)

Rlcci, T. HandleYJTrans.Amer. Nucl. Sot. UJ 47o (1968)—— —. .

~ers and J. Cuypers,~. Rsditi. =. 4 2h3 (1965)

A. Gordus, G. WrightJ and J. GrMflnJ Science 161 382 (1968)——
N. BaoJ R. Iyer,M. Das, Proc. of the Nuclear and RadiationChemie

b
— -ayOSi.UnI p~na (Mar. 6-~96v =~ti-earth Center,

R. Coleman and G. WoodJ Walue of Trace Analyda in the Comparisonof
Glass Fmgments” UKAEA reportAWRE&s/68 (1968)

59



d)

15. .a)

b)

c)

d)

e)

f)

13)

h)

i)

~)

k)

1)

m)

n)

o)

16. a)

b)

c)

d)

e)

f)

g)

h)

i)

17. a)

b)

c)

d)

I. Perlman and F. Asaro, %duction of prov~ience of pot~w ~
HCe ~ement Anal.ysiel’,USAEC reportUCRL-17937 (1967)

M. ilo~ood and D. Taylor, Int. J. ~. bdiat. IBotoP 19753 (1968)—-

N. D. lickho~ ‘optimalNeutronActivationAnalyaidl,USABC report
TD-24581 (1968)

Y.

K.

K.

K.

w.

Kusaka and H. Tau.ji,_Oi~O’tOP’= (To@o) ~ 108 (1*)

Ha@ D. Tuma, and J. %llivan, Tran. ~. NUC. bC. II 70 (1968)——.

samsti, Analyst 93, 101-6 (1968~

SauI.Sahl,O. Weater, and O. Landstrm, . Ch=. 40, 181 (1968)——
A. Hailer, L. A. Rancitelll and J. A. Cooper,~. A~. Food Chem.

@ 1036 (1968)
.—

Ybshio Shlnborl,S- kaku 10, 289 (1968)

E. Stehnes, Talanta ~ 753 (1967)

K. J. Hahn, M. C. Haven, D. J. Tmna, R. E. Ogborn, end M. A. Quaife,
NUC1. ~. ~ 3L4 (1967)

D. A. Olehy, R. A. Sclmdtt,and W. F. Betiti, ~. ~. M=. ~ 917
(1966)

M. A. Rojas,I. A. Dyer and W. A. Cassatt,Anal. Chem. 38, 788 (1966)

B. Moav, Int. ~. A=. Radiat. IEotq. 14 ~(1~

H. Smith,-=. Ch=. ~, 190 (1962)——
W. H. Strain, C. G. Rob, W. J. Pories,R. C. Childera,M. F. Thompson
Jr., J. A. Hennessen,and F. H. &aber, As. Spectm3cop~ ~ 121
(1969)

A. Theisen (1.Barchardt,M. Harward,and R. Schmitt,Science161,
1009 (1968\

——

N. Onuma, H. Higuchi, H. Wkldta and H. Nagasawa, Earth Planet Sci.
g. ~ 47 (1968)

—— —

D. Robertson,L. RancitelU ad R. PerkIns,Wultlel=ent Anal$’sieof
&water, Ma-he organisms,and Sedlmentaby NeutronActivationwithout
Chenical SsparatlonsnUSAB2 reporbBNWL~-1776 (1968)

O. Johanssn and E. Stdnnes, Anal. Chim. Acta. b, 201 (19M)—— ——
0. Landst-, K. Sameabl,and C. Wenner, “Investigationof Trace
Elemnta In Marine and Lacustrhe Depositsby Meane of a Neutron
ActivationMethod’, SwedishAE r@portAH-296(1967)

M. ZmIjewka hCZSWSki, CheIII. Anal. (Wrt=U) ~ 675 (1967)——
R. Schaudy,W. Kled and F. Hecht, Chan. Geol. ~ 279 (1967)——
B. Eons, D. W. Hood, L. Muse and B. Bugllo, Ldmnol. =. ~ 201
(1*)

R. Coulcab, Campt.Rend. 254, l@8 (1962)——

c. *o1 andA. -~c~s ~io~ Ac* % 165’(1965)
C. persiani and J. Cosgrwe, Elec~chm~-. ~ 205 (1968)

H. M. Lee, Anal. Chim. Acts. @., 431 (1968)—— ——
V. P. Gulnn, ~eutron ActivationAnalysis and ita ForensicAppMcations5
U- mpor-t GA-8171 (1967)

60



e) GO fi~, nApplication de L!analyse par ActivationN~t~~e a

Lietude des Impuritisclansle Ho, le W, et lo Graphlte~ French report
cEA-R-3267(1967)

f) W. W. Sabol and R. W. Lockhart,‘Na Maes Transfer,VII Method for
Dsts~ Impuritiesin Na Samplesn,U- report G~p~78 (1963)

g) W. Kiesl, H. Bildat&n, and H. Sorantin,Mikrochim. Iohnoanal.At=.
y. ~, Ml :1963)

h) J. W. A. Tmssler, Talanta ~ 438 (1969)

18. D. J. Hughes,Pile Neutron ResearchAddison-Weeley,N- york (1953)—— —

19. A. C. Wahl and N. A. Bonner, RadioactivityA@led to Chenietty,John Wiley
and Sone, New York (1958)

20. M. E. Weeks, ~acove~ of the Elsmentin,Jo-al of Chemical Eiucation
6th F&, Eaaton,pa., p 168-174 (1956) — — — —

21. V. M. Goldechmidt,~. Cku=u.fiC., ~ 655 (1937)——

22. E. D. Goldberg,~. ~. ~, 249 (1954)

23. T. P. Kohman,M. L. Bender, High-he= Nuclear Reactionsin Astro~ics
B. shen, u-, W. A. Benjsmln,New York~,~~

2~. L. H. Aller, The Atmoetiereaof the Sun and Stare , Ronald Prees Co.,
New York (1953~

——— .—

25. H. E. Suess, H. C. Urey, ~. b~. ~. ~ 53 (1956)

26. Z. M. Burbidge,G. R. Burbidge,W. A. Fowler, F. Hoyle, Rev. WMO. ~.—
@ 547 (1957)

27. W. E. Ford, ka’s Textbookof Mtieralo~ Johu Wiley and Sons, New York,
(1932) — — —

28. U. S. Earsau of Mines, Minerals Yearbook,(“Manganeset’) U. S. Dept. of
Interior U. S. GovIt. PrlntlngOffice, Washington (1967),Vol. 1,
p 39-32t

29. A. H. ~, M- anese,Acadtic Press, New brk (1955)

31. J. N. BotisU, ~. hst. Elect.Bw’s. (-) ~ h5b (1957)

32. J. J. Matti~o, Protectiveand DecorativeCoatings , John Wfley and Sons,

New York (1941)
—

33. N. V. Sidgwlck, The Chenioal Elments and Their Compounda , vol. n,
Oxford Univ. Press~59~ — —

~. M. D. Cooper and P. K. Wtiter in Treatise on
~ax-,c= ‘I. M. Kolthoff and P. J. KLving editire

Intezacicmcepublishers,New York (1961! ,.

35. M. Cohn, J. Townsend,Nature 173, 10%I (1954)

61 r



36. American Tmstituteof Physics,Amefican Instituteof PhysicsHandbook,
McGmw-Hsu, New York (1957)p ~ — —

37. T. A. Zordan and L. G. Hepler,Chem. RSJV.~ 737, (1968)——

38. J. Van Andenhove,Nuclear bstruments and Methods 65, 115 (1968)

39. C. R. Tipton, Jr., Eiltor,Reactor Handbook 2nd lW, VOL I, Materials
Iutemcienoe Publishers,In~- ~?5560)

b. O. J. Wick, PlutoniumHandbook~Vol. I, Gordon snd Breach, New York (1967)

h. H. C. Kaufluan,Randbook of O- anetaluc CCMIPounde,D Van Nostrand Co.,
Inc., New York - ~09

&!. a) W. Manchot and H. Gall, Berlchte ~ 1.135(1928)and

b) W. M.anchotand H. Schmid, Berlchte 59, 2330 (1926)——
c) B. M. Chadulck and A.

Radiochmlistry, ‘“ -‘n ‘d’mces ‘ w:- =Vol. 8, AcadeuIIcpr~ =rk 19

43. a) T. S. Briggs, ~. hor~. Nucl. Chem. ~ 2866 (1968)——

~. N. A. Frigerio, G. Droszez,Argonne News 7 (Sept.1968)—.

~~. C. E. Harvay,A Method of S6ni-@antitative.—.
Applied ResearchLabs., Glendale,Calif. [197 ‘~

~. :i9$&, @ Tests in InorganicAnalysis, KLssvier, New York ~th FL——

47. a) E. B. SandelL, CalorimetricDeterminationof Traces of Metals 3rd F&,
fitersciencePublishers,Inc., New York ~l~9_- — —

b) Elinor F. Norton, Chemical Yield Detenntiatiom in Radlochenistry,
NationalAca- o~e~tional Resxrch ~ucil Monograph
NLS-NS 3U1.

&8. J. J. Lingane smd R. Karplua,~. ~. =., M. Ed. ~ 191 (1946)——

49. N. H. Furman, Editar, StandardMethods of Chmical Analyels, D. Van
co., Inc., Nan York 6tlili9~ — —

52. Associationof OfficialAgriculturalChemists Officialand Tentative
Methods of Analyele 8th Ed., ti~tin (19551— ———

53. E. A. Hefitz and L. B. Roge= ‘Anodicprecipitationof Tracer Manganese
as Didde” AMXJW60 (1959)

54. S. F. Marsh, W. J. Maeck, and J. E. FLsin,Anal. Chan. ~ M08 (Oct.1962)—.

55. a) J. D. H. StrlcUand and G. Spimm, bal. Chlm. A=. & 5h3 (1949)

b) J. Pijck, ~ Pham. B~, ~ 13 (1965)

62



x. G. H. Morrlsonand H. Freiser, Solvent Erhacticm ~Analyt ical Chcmis~,
John Wiley and sons, bC., New -957) p 217

57. J. H. Matuszek, Jr. and T. T. SugM, Anal. Chem. & 3S (1961)—.

58. a) W. B. Healy, Anal. Chim. ~. ~ 228 (1966)

b) J. K. Bahn, D. Tums, and J. ~liv=m, Anal. Chcm. ~ 974 (1968)——

&. R. Brlgedoh and R. lhmnetsov,Radio~ ~ 243 (1968)

61. H. Y. M-, Int. J. AQL Radiat. Isotop.~ 849 (1967)—-

62. V. Jogodic,~. Inorg. Nuc1. cheMo ~ 1003 (U@),

63. T. M. Florenoe and L J. Farmr, Anst. J. Chah ~ 473 (1969)—.—

d. R. CMh=S =d G. SUeli@ l.nSolvat Edmaction chemis
+ -“en’Qenzln, and Rydherg editor- Rfley and Son6, c., New York

p 600-4 (1967)

65. R. R. Brooh, T-ts 12, 5U (1%5)

66. & Davis,A. Arnold and A. Jorckn,~. Wdio@. Ch=. ~ 161 (1969)——

67. a) K. A. Kraua and F. Helson, ‘Anion &change Studies of the Fission
products~ h Proc. Intern. Conf. PeacefulUses of MerEY 7, 113,
Session 9B1, ~7 ~ — — — —

b) J. Dutton and B. Narvey,Water Res. ~ 743 (1967)——

68. F. Dd20rbe,P. Vandenlftikel,A. Speecke, and J. Hoste, Anal. Chim. Acts.
~ 67 (1968)

—— —

69. S. F. Peterson,F. Tera, and G. H. Mo~i.9on,~. W@nS1. ~. ~
~ (1969)

70. D. H. Willdns and (3.E. Smith, Talsmta ~ 138 (1961)

71. F. Nydahl, Proc. Intern.Assoc. Theor. A-. Limnolo—— —— ~ ~, 276 (1951)

72. J. P. R. Riches, Nature ~ 96 (1946)and J. P. R. Riches, ~. and Ind.
(hndon) 656 (194~

73. J.

7&. E.

75. A.

76. E.

77. D.

78. E.

79. J.

way and D. Taylor,Ansl. chlm Acts. ~ 479 (1968)—— —

Lederer and H. Lederer, ~ogmam, KLs_er, N- York (1957)

R. Iandg-be, T. E. Gills, and J. R. DeVoe, Anal. Chmn. ~ 1265 (J_%)

U. Berg and R. T. McIntyre,Anal. ch~. ~ 813 (1954)

E. Carritt,kal. Chcm. 25, 1927 (1953)——

cerrai and C. Testa, ~. Chromatiq.~ 216 (1962)

MikdSki and I. Stmnsld, ~. Chrauatoq.~ 197 (U@)

63



80. a) W. F. IAbby, ~. ~. ~. ~. ~ 1930 (19b) -d

b) J. W. Barnes and W. H. Burgua h Radioactltit Applied to Chauiat
~W and Son~ Inc., “A. C. U and M. A. Bonuer Editors,

Hew firk (1951)p 258

c) K. J. MoCallwI and A. G. Maddock, Trana. Farad. Sot., Q u!% (1953)—.

81. U. Zahn, Radiochti.Ac-. ~ 170 (1967)—.

82. U. -, Radiochim.Actz. ~ 177 (1967)

83. Jezowaka-Trebiatowska,S. Wjda J. Ziolkowski,and F. Pruchnik,
Nucleordka~ SUPP1. 361 (1965\

84. a)

b)

85. M.
J.

L. T. Faibll and P. A. Neal, ‘IndustrialManganesePoisontigll,
Nat’1 Inets. Health -etin, 182 (1943)—— —
R. H. Flh, P. A. Neal, W. H. Reinhart,J. M. Dallavalle,W. B. Flil~
~d A. E, Dooley, rnChronicManganese PoiBonhg ti an ore~n~ing ~t’s

Publdc Health BuUetin No. ~ U. S. pub~c Health S-cc, Waetdngton—— .
(1940)

L. Anong Nihubol, KantikarChaY’ZWZS-, ad SompOOl lhiBtalugwM,
Nucl. Med.,,~, 178 (1968)——

86. Intezmatlonal CcaumiBBionon RadiologicalProtection,Raport of Ccuomittie
II on PermissibleDose for InternalRadiation,PergammonPreBs, London
n9n) P u

—.

87. J. Mahoney and W. -Ii, ~. Clti. Invest. & 643 (1968)——

88. G. W. Leddicotteand S. A. Reynolds,*f* Method No. 501~, Om ~st=
Ha)~cal- -U, TID-7015,Secticm

89. G. D. OIKelJey, %tection and ?haeurensntof Nuclear Radiations’h,National
Academy of Sciences - NationalResearch CounCfl report ~-NS-31.@, (1962)

~. N. F. Johneon, E. Elchler and G. D. OIKelley,Nuclear ChsmiBt
~ Inorpnlc Chedstqy, -riZ#’ ‘ec’i”eVol II, Intersoiauce,~k

91. R. L. Heati, ~Sc~t~tion SpectrumetryGamma-RaYSpectrm ca~ogue” ~

2nd Edition,U .s. Atcmic Energy Commission~ort m-168813 (1964)

92. a)

b)

93. a)

b)

9L. B.

S. Yammota and M. Brown, ‘nRadioactivity Growth-DecayData: Analysis
by Applicationof the Least-SquareMethod”, U. S. Naval Radiological
Defense Lab. reportUSNRDL-TR~8~ (1967)

nAppUcations of Computersta Nuclem and Radiochemist@, National
Acadmy of sciences- National Research CouncilmonographNAS-NS-3107
(1962)

G. Dearnaley and D. C. Northrop,SemiconductorCountersfor Nuclear
Radiations,E & F. N. Spon, Ltd. ?London) p 296~Gl_

D. C. Camp, ‘AppUcations and optimisationof the Lithium-Drifted
Gemanium Dstectirsya~n, U. S. Atomic lhergyCommissionreport
ucKL#o156 (1967)

T. Price and 1?.Healy, United Kh@om Atomic ker~ Research
Establishmentreport A~-RP/h (195h)

6b



95.

96.

97.

98.

99.

100.

101.

102.

103.

P. J. CampIon, Intern. J. A=. Radiation~Isotipes, ~ 232, (1959)—.

S. Amiel and Z. Stuhl, ‘RadioaotivationAnalysis of Manganeseby Counting
DeuteriumPhotoneutrons”,Radiochirn.A=. & 199 (1964)

G. W. Led~cOtlje, ~The Radiocheaietryof Manganesem,National A~dq of

Sciences - NationalResearchCouncil report NAS-NS-3018,Washington D.C.,
(1960)

B. P. Ba@umt and R. J. prestwood, 71 in U. S. Atomic Energy Cmmission
report1A 1721, 3rd Ed., (Sept.1967!

W. T. Mullins and G. W. Leddicotte,‘MethodNo. ~ llh80 in ORNL Master
Analy-tioal lk-mal”, U. S. Atomic Energy CcmudssionreDort TID 7015,
Sect. 5 (1966)

a) A. Zeanan,J. Prasflovaand J. Ruzicka, Talanta ~ 457s @ar. 1966)

b) J. Mary, The Solvat Ihrbractionof Metal Chelates,p 160, Pergamon
Press, Ma m

——

H.J. M. Bowen, ~. Nuolear fie~ & M-24 (1956)

H. J. M. Bonen and P. A. Oawee, U. K. Atomic Eher&y Re@=rch Bstabliehment,
Hamell, &gland, report AERE-R#92~ (1959)

W. W. Pleinke,nChmical ProceduresUsed h BombardmentWork at Berkelefl,
U. S. Atomio lhmrgy Camnisaionart --2738 (1949)

65



.,. .

NUCLEAR SCIENCE SERIES: MONOGRAPHS ON RADIOCHEMISTRY

AND RADIOCHEMICAL TECHNIQUES

See the back of the title page for availability information

ELEMENTS

Aluminum md Gallium, NAS-NS-3032 [19611
Amaricium and Curium, NAS-NS-3006 [1960]

Antimony, NAS-NS-3033 [1%1]
Arsenic, NAS-NS-3002 (Rev.) [1965]

Astetine, NAS-NS-3012 [19601
Barium, Calcium, and Strontium’,

NAS-NS-301O [19601
Beryllium, NAS-NS-3013 [19601

cadmium, NAS-NS-3001 [19601
Cerborr,Niti~rr, and Oxygen,

NAS-NS-3019 [1*OI
Ceeium, NAS-NS-3035 [19611
Chromium, NAS-NS-3007 [Rev.) [1963]

Cobalt, NAS-NS3041 [ 19611

Copper,NAS-NS-3027 [19611
Fluorine, Chlorine, Bromine, and Iodine,

NAS-NS3005 [19601

Frencium, NAS-NS-3003 [1S01

Garmanium, NAS-NS-3M3,[1 9611

Gold, NAS-NS-3036 [19611

Iridium, NAS-NS3014 [1%01
Iridium, NAS-NS-3M5 [1961]

Iron, NAS-NS-3017 [19601

Lead, NAS-NS-3CM0 [1%1]

Magnesium, NAS-NS-3024 [19611

Menganesa, NAS-NS-301B (Rev.) [1971]
Mercury, NAS-NS-3026 (Rav.) [1970]

MdyManum, NAS-NS-3009 [19601

Nickal, NAS-NS-3051 [1=11

Niobium and Tantalum, NAS-NS-3039 [16611

Osmium, NAS-NS-3046 [19S11

Palladium, NAS-NS-3052 [1*11

Phosphorus, NAS-NS-3CE6 [1%2]

Platinum, NAS-NS-3044 [19611
Plutonium, NAS-NS-306E [19651

Polonium, NAS-NS-3037 [1 9511
Potassium, NAS-NS-3043 [16611

Pro~tinium, NAS-NS-3016 [1 B59]
Redium, NAS-hlS-3057 [1 964]

Rtia Earths-scandium, Yttrium, arrd

Actinium, NAS-NS-3020 [19611
Rara G-, NAS-NS-3025 [19601
Flhanium, NAS-NS-302E [1961 1
Rhodium, NAS-NS-3CKIB (Rev.) [1 *5]

Rubidium, NAS-NS-3M3 [1S62]

Ruthenium, NAS-NS-3029 [19611

Selanium, NAS-NS-3030 (Rw.) [1665]

-Silicon, NAS-NS-3049 (Rev.) [166s]
Silver, NAS-NS-3047 [ 1961]

Sodium, NAS-NS-3055 [1962]
Sulfur, NAS-NS-3fE4 [1*1]

Technetium, NASWS-3021 [1*OI
Tellurium, NAS-NS-3038 [1%0]

Thoriumr NAS-NS-30CM [lWOI
Tin, NAS-NS-3023 [1%01
Titanium, NAS-NS-3034 (Rav.) [19711

Trarrscurium Elements, NAS-NS-3~1 [1 SO]

Tun~n, NAS-NS-3042 [1961]

Uranium, NAS-NS-3D50 [1961]
Vanadium, NAS-NS-3022 [19601

Zinc, NAS-NS-3015 [IWO]

zirconium md Hafnium,NAS-NS-3011 [1960]

TECHNIQUES

Abedute M~urement of Alpha Emi5icm

and Spontaneous FiAcxt, NAS-N%3112

[1=1
Activation Analysis with Char- Particke,

NAS4W3-3110 [19661

Applic~-oms of Computers to Nuclear and

Radiochemiamy, NAS-NS-3107 [ 1962]

Application of Distillation Techniques to

RadiAemicel separations, NAS-NS31(M

[1 9621

Chamicel Yield Determinations in Redict

chemktry, NAS-NS-3111 [ 1S671

Detmztion and Measurement of Nuclear

Radiation, NAS-NS-3106 [1961 1

LiquickLiquid Exfractiwr with High-
Molecular-Weight Amin~, NAS-NS-3101

[19601
Low-Leval Radiochemicel separations,

NAS-NS-3103 [1961 ]

Peper Chromatography end ElectromiWetion

Techniques in Radiahemiatry, NAS-NS-

31cu5 [1s21
Proeeasingof Counting Date, NAS-NS-3106

[19651

Rapid Radimhemid Sepretiorte, NAS-NS-

3104 [19611
Separations by Solvent Extraction with

Tri-n-=tylphoephine Oxide, NAS-NS-31OQ
[1961]
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